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$EVWUDFW
7KLVSDSHU LQYHVWLJDWHVZKHWKHU WKHSRVLWLRQRIDGYHUESKUDVHV LQVHQWHQFHV
LV UHJLRQDOO\ SDWWHUQHG LQZULWWHQ 6WDQGDUG$PHULFDQ(QJOLVK EDVHG RQ DQ
DQDO\VLVRIDPLOOLRQZRUGFRUSXVRIOHWWHUVWRWKHHGLWRUUHSUHVHQWLQJWKH
ODQJXDJHRIFLWLHVIURPDFURVVWKH8QLWHG6WDWHV6HYHQPHDVXUHVRIDGYHUE
SRVLWLRQZHUHWHVWHGIRUUHJLRQDOSDWWHUQVXVLQJWKHJOREDOVSDWLDODXWRFRUUHOD
WLRQVWDWLVWLF0RUDQ¶V,DQGWKHORFDOVSDWLDODXWRFRUUHODWLRQVWDWLVWLF*HWLV2UG
*L7KUHHRIWKHVHVHYHQPHDVXUHVZHUHLQGHQWL¿HGDVH[KLELWLQJVLJQL¿FDQW
OHYHOVRIVSDWLDODXWRFRUUHODWLRQFRQWUDVWLQJWKHODQJXDJHRIWKH1RUWKHDVWZLWK
ODQJXDJHRIWKH6RXWKHDVWDQGWKH6RXWK&HQWUDOVWDWHV7KHVHUHVXOWVGHPRQ
VWUDWHWKDWFRQWLQXRXVUHJLRQDOJUDPPDWLFDOYDULDWLRQH[LVWVLQ$PHULFDQ(Q
JOLVKDQGWKDWUHJLRQDOOLQJXLVWLFYDULDWLRQH[LVWVLQZULWWHQ6WDQGDUG(QJOLVK
.H\ZRUGV DGYHUESRVLWLRQFRUSXV OLQJXLVWLFVGLDOHFWRORJ\GLDOHFWRPHWU\
VSDWLDODXWRFRUUHODWLRQZULWWHQ$PHULFDQ(QJOLVK
 ,QWURGXFWLRQ
7KHSULPDU\PHWKRGRIGDWDFROOHFWLRQLQUHJLRQDOGLDOHFWRORJ\LVWKHOLQJXLVWLF
LQWHUYLHZ7KH OLQJXLVWLF LQWHUYLHZKDV EHHQ DGRSWHG E\ GLDOHFWRORJLVWV EH
FDXVHLWLVDQHIIHFWLYHPHWKRGIRUREVHUYLQJOH[LFDODQGSKRQRORJLFDOYDULD
WLRQ7RREVHUYHOH[LFDOYDULDWLRQZKLFKRIWHQLQYROYHVZRUGVWKDWDUHUDUHLQ
QDWXUDOODQJXDJHLWLVHDVLHVWWRGLUHFWO\HOLFLWYRFDEXODU\LWHPVIURPDQLQIRU
PDQW WKURXJKD OLQJXLVWLF LQWHUYLHZ7RREVHUYHSKRQRORJLFDOYDULDWLRQ LW LV
QHFHVVDU\ WR UHFRUG RU WUDQVFULEH DQ LQIRUPDQW¶V XWWHUDQFHV 7KH OLQJXLVWLF
LQWHUYLHZ LV WKHUHIRUHZHOO VXLWHG IRUREVHUYLQJYDULDWLRQ LQYRFDEXODU\ DQG
DFFHQW7KLVWUDGLWLRQDODSSURDFKWRGDWDFROOHFWLRQKRZHYHUGRHVQRWDOZD\V
DOORZIRURWKHU IRUPVRI UHJLRQDO OLQJXLVWLFYDULDWLRQ WREHREVHUYHGDVHI¿
FLHQWO\0RVWQRWDEO\WKHOLQJXLVWLFLQWHUYLHZLVRIWHQXQVXLWDEOHIRUREVHUYLQJ
 -*ULHYH
JUDPPDWLFDOYDULDWLRQEHFDXVHJUDPPDWLFDOFRQVWUXFWLRQVFDQEHGLI¿FXOW WR
HOLFLWIURPDQLQIRUPDQWDQGDUHXQOLNHO\WREHXWWHUHGVSRQWDQHRXVO\GXULQJDQ
LQWHUYLHZ,WLVDOVRGLI¿FXOWWRREVHUYHFRQWLQXRXVOLQJXLVWLFYDULDWLRQWKURXJK
WKHOLQJXLVWLFLQWHUYLHZEHFDXVHPHDVXULQJDFRQWLQXRXVYDULDEOHUHTXLUHVWKDW
PDQ\WRNHQVRIWKHYDULDEOHEHREVHUYHGLQGLVFRXUVHVRWKDWWKHUHODWLYHIUH
TXHQF\RILWVYDULDQWVFDQEHHVWLPDWHGDFFXUDWHO\,QDGGLWLRQWKHWUDGLWLRQDO
DSSURDFKWRGDWDFROOHFWLRQGRHVQRWDOORZIRUUHJLRQDOOLQJXLVWLFYDULDWLRQWR
EHREVHUYHG DFURVV WKHPDQ\ UHJLVWHUV RI D ODQJXDJH LQFOXGLQJZULWWHQ DQG
VWDQGDUG YDULHWLHV EHFDXVH FROOHFWLQJ GDWD WKURXJK WKH OLQJXLVWLF LQWHUYLHZ
RQO\DOORZVIRUODQJXDJHWREHREVHUYHGLQWKDWRQHYHU\VSHFL¿FFRQWH[W,Q
RUGHUWRDQDO\]HFRQWLQXRXVJUDPPDWLFDOYDULDWLRQLQDUDQJHRIUHJLVWHUVLWLV
QHFHVVDU\WRGLUHFWO\DQDO\]HODUJHDPRXQWVRIQDWXUDOODQJXDJHGLVFRXUVH7KLV
FDQEHDFFRPSOLVKHGE\DGRSWLQJDFRUSXVEDVHGDSSURDFKWRGDWDFROOHFWLRQ
,QDGGLWLRQWRDOORZLQJIRUQHZW\SHVRIUHVHDUFKTXHVWLRQVWREHLQYHVWLJDWHG
WKH FRUSXVEDVHG DSSURDFK WR UHJLRQDO GLDOHFWRORJ\ DOVR DOORZV IRU WKH ODQ
JXDJHRIKXQGUHGVRILQIRUPDQWVWREHREVHUYHGDWHDFKORFDWLRQ,QWUDGLWLRQDO
GLDOHFWRORJ\XVXDOO\WKHODQJXDJHRIRQO\WZRRUWKUHHLQIRUPDQWVLVREVHUYHG
DWHDFKORFDWLRQEHFDXVHLQWHUYLHZLQJLQIRUPDQWVLVVXFKDODERULRXVWDVN,Q
RUGHUWRHQVXUHWKDWUHJLRQDOOLQJXLVWLFYDULDWLRQLVIRXQGLQVXFKVPDOOVDPSOH
WUDGLWLRQDOGLDOHFWVXUYH\VKDYHIRFXVHGRQWKHODQJXDJHRIORQJWHUPUHVLGHQWV
±RIWHQHOGHUO\PHPEHUVRIIDPLOLHVWKDWKDYHOLYHGLQDUHJLRQIRUPDQ\JHQ
HUDWLRQV:KLOHWKLVDSSURDFKKDVEHHQXVHGWRVXFFHVVIXOO\LGHQWLI\UHJLRQDO
OLQJXLVWLFSDWWHUQV LW LVXQFOHDU LI WKHVHSDWWHUQVH[LVW LQ WKH ODQJXDJHRI WKH
JHQHUDOSRSXODWLRQRURQO\LQWKHODQJXDJHRIWKDWVPDOOPLQRULW\RIVSHDNHUV
7KLVSUREOHPFDQEHRYHUFRPHE\VDPSOLQJWKHODQJXDJHRIKXQGUHGVRILQIRU
PDQWVDWHDFKORFDWLRQZKLFKLVSRVVLEOHXVLQJDFRUSXVEDVHGDSSURDFKWRGDWD
FROOHFWLRQ$ODUJHVDPSOHDOORZVIRUWKHODQJXDJHRILQIRUPDQWVIURPDFURVV
WKHSRSXODWLRQWREHREVHUYHGUHVXOWLQJLQDPRUHFRPSOHWHSLFWXUHRIUHJLRQDO
OLQJXLVWLFYDULDWLRQ ,W LV LPSRUWDQW WRQRWH WKDW WKLV ODUJHUVDPSOHVKRXOG LQ
FOXGHWKHODQJXDJHRIERWKVKRUWDQGORQJWHUPUHVLGHQWVGHVSLWHWKHIDFWWKDW
WUDGLWLRQDOGLDOHFWVXUYH\VRQO\FRQVLGHUWKHODQJXDJHRIORQJWHUPUHVLGHQWV
,QFOXGLQJVKRUWWHUPUHVLGHQWVGRHVFRPSOLFDWH WKH LGHQWL¿FDWLRQRI UHJLRQDO
OLQJXLVWLFYDULDWLRQDVUHJLRQDOSDWWHUQVZLOOQRWEHDVFOHDULQWKHGDWDVHWEXW
DPRUHLQFOXVLYHVDPSOHLQFUHDVHVWKHOLNHOLKRRGWKDWDQ\UHJLRQDOSDWWHUQVWKDW
DUHIRXQGLQWKHGDWDVHWDUHFKDUDFWHULVWLFRIWKHODQJXDJHSURGXFHGFXUUHQWO\
E\WKHHQWLUHSRSXODWLRQXQGHUDQDO\VLVQRWMXVWVRPHVPDOOKLVWRULFVXEVHFWLRQ
RIWKHSRSXODWLRQ2QO\E\DQDO\]LQJWKHODQJXDJHRIWKHHQWLUHSRSXODWLRQFDQ
FXUUHQWDQGSHUYDVLYHUHJLRQDOOLQJXLVWLFSDWWHUQVEHLGHQWL¿HG
'HVSLWHWKHDGYDQWDJHVRIWKHFRUSXVEDVHGDSSURDFKWKHVWXG\RIUHJLRQDO
GLDOHFWYDULDWLRQKDV UDUHO\EHHQEDVHGRQQDWXUDO ODQJXDJHGLVFRXUVH7KLV
LVHVSHFLDOO\ WUXH LQ WKHFDVHRI$PHULFDQ(QJOLVKZKHUHQRPDMRUVWXG\RI
UHJLRQDOOLQJXLVWLFYDULDWLRQKDVHYHUEHHQFDUULHGRXWXVLQJWUXHFRUSXVGDWD
$VWDWLVWLFDODQDO\VLVRIUHJLRQDOYDULDWLRQLQDGYHUESRVLWLRQ 
PRVWFRUSXVEDVHGGLDOHFWVXUYH\VKDYHIRFXVHGRQ%ULWLVK(QJOLVK2QHRIWKH
HDUOLHVWDQGPRVWLPSRUWDQWGLDOHFWFRUSRUDLVWKH+HOVLQNL&RUSXVRI%ULWLVK
(QJOLVK'LDOHFWVZKLFKLVEDVHGRQKRXUVRIUHFRUGHGVSRQWDQHRXVVSHHFK
FROOHFWHGLQWKHVDQGVLQVL[(QJOLVKFRXQWLHV,QKDODLQHQHWDO
,QKDODLQHQ1XPHURXVGLDOHFWVWXGLHVZKLFKKDYHSULPDULO\LQYHVWLJDWHG
FRQWLQXRXV JUDPPDWLFDO YDULDWLRQ KDYH EHHQ EDVHG RQ WKH+HOVLQNL&RUSXV
HJ 2MDQHQ  3HLWVDUD  PRVW QRWDEO\ E\ 2VVL ,QKDODLQHQ HJ
,QKDODLQHQ    D E0RUH UHFHQWO\ GLDOHFW VWXGLHV
KDYHEHHQEDVHGRQWKH)UHLEXUJ(QJOLVK'LDOHFW&RUSXVZKLFKFRQWDLQV
KRXUV RI UHFRUGHG RUDO KLVWRULHV FROOHFWHG IURP  WR  LQ (QJODQG
:DOHV6FRWODQGWKH+HEULGHVDQGWKH,VOHRI0DQHJ.RUWPDQQHWDO
+HUQDQGH]6]PUHFVDQ\L7KH)UHLEXUJ&RUSXVKDVDOVREHHQXVHG
LQIXQFWLRQDOW\SRORJLFDOGLDOHFWVWXGLHVHJ.RUWPDQQ:DJQHU
+HUUPDQQZKLFKDUHFRQFHUQHGZLWK VKRZLQJKRZ ODQJXDJHLQWHUQDO
GLDOHFW YDULDWLRQ IROORZV WKH VDPH EDVLF W\SRORJLFDO SDWWHUQV WKDW DUH IRXQG
FURVVOLQJXLVWLFDOO\ 7KH %ULWLVK 1DWLRQDO &RUSXV KDV EHHQ XVHG LQ GLDOHFW
VWXGLHVDVZHOOHJ.RUWPDQQHWDODQGFRUSRUDKDYHDOVREHHQXVHGLQ
GLDOHFWVWXGLHVIRFXVLQJRQKLVWRULFDOQRQVWDQGDUGYDULHWLHVRI(QJOLVK6FK
QHLGHUDQG0RQWJRPHU\0F&DIIHUW\9DQ+HUNDQG:DONHU
,QJKDP
7KHJRDORIWKLVVWXG\LVWRFRQGXFWDFRUSXVEDVHGDQDO\VLVRIFRQWLQXRXV
JUDPPDWLFDO YDULDWLRQ LQ ZULWWHQ 0RGHUQ 6WDQGDUG$PHULFDQ (QJOLVK 7KH
IRFXV RI WKLV VWXG\ LV FRQWLQXRXV JUDPPDWLFDO YDULDWLRQ LQZULWWHQ6WDQGDUG
(QJOLVKEHFDXVHWKLVW\SHRIOLQJXLVWLFYDULDWLRQDQGWKLVW\SHUHJLVWHURIKDYH
UHFHLYHGYHU\OLWWOHDWWHQWLRQIURPGLDOHFWRORJLVWVLQWKHSDVW%\VHDUFKLQJIRU
FRQWLQXRXVJUDPPDWLFDOYDULDWLRQLQZULWWHQ6WDQGDUG(QJOLVKLWLVWKXVSRVVL
EOHWRWHVWWKHOLPLWVRIUHJLRQDOOLQJXLVWLFYDULDWLRQ±WRLQYHVWLJDWHMXVWKRZ
SUHYDOHQWUHJLRQDOOLQJXLVWLFYDULDWLRQLVLQQDWXUDOODQJXDJH,QSDUWLFXODUWKLV
SDSHUGHVFULEHVDQDQDO\VLVRIUHJLRQDOYDULDWLRQLQWKHVHQWHQWLDOSRVLWLRQRI
DGYHUEV LQDPLOOLRQZRUGFRUSXVRI OHWWHUV WR WKHHGLWRUUHSUHVHQWLQJ WKH
ODQJXDJHRIFLWLHVIURPDFURVVWKH8QLWHG6WDWHV7KLVSDSHULVRUJDQL]HGDV
IROORZV)LUVWWKHGHVLJQFRPSLODWLRQDQGGLPHQVLRQVRIWKHFRUSXVDUHSUH
VHQWHG6HFRQGWKHVHYHQPHDVXUHVRIDGYHUESRVLWLRQDUHLQWURGXFHGDQGWKH
DOJRULWKPVXVHGWRFRPSXWHWKHVHPHDVXUHVDUHGHVFULEHG7KLUGWKHWZRVSD
WLDODXWRFRUUHODWLRQVWDWLVWLFVXVHGWRLGHQWLI\UHJLRQDOSDWWHUQVLQWKLVGDWDVHW
DUHSUHVHQWHGWKHVHVWDWLVWLFVKDYHQRWEHHQXVHGLQSDVWGLDOHFWVWXGLHVEXWWKH
YROXPLQRXVDQGFRQWLQXRXVQDWXUHRIWKHGDWDSURGXFHGE\DFRUSXVDQDO\VLV
UHTXLUHV WKDW DGYDQFHG VWDWLVWLFDO WHFKQLTXHV EH DGRSWHG )LQDOO\ WKH UHVXOWV
RI WKHDQDO\VLVDUH UHSRUWHGDQGGLVFXVVHG ,W LVFRQFOXGHG WKDWDGYHUESRVL
WLRQLVUHJLRQDOO\FRUUHODWHGLQZULWWHQ6WDQGDUG$PHULFDQ(QJOLVKDQGWKDWD
FRUSXVEDVHGDSSURDFKLVDQHIIHFWLYHPHWKRGIRUDQDO\]LQJUHJLRQDOOLQJXLVWLF
YDULDWLRQ
 -*ULHYH
 &RUSXVGHVLJQ
7KLVVHFWLRQGHVFULEHVWKHGHVLJQFRPSLODWLRQDQGGLPHQVLRQVRIWKHPLO
OLRQZRUGFRUSXVRIOHWWHUVWRWKHHGLWRUWKDWZDVWKHEDVLVRIWKLVVWXG\RIUH
JLRQDOJUDPPDWLFDOYDULDWLRQLQZULWWHQ6WDQGDUG$PHULFDQ(QJOLVK7KLVVHF
WLRQEHJLQVZLWKDGHIHQVHRIWKHFKRLFHRIWKHOHWWHUWRWKHHGLWRUUHJLVWHUDQG
WKHVHOHFWLRQRIWKHFLWLHVUHSUHVHQWHGLQWKHFRUSXV7KHSURFHVVWKURXJK
ZKLFKWKHOHWWHUVWRWKHHGLWRUZHUHGRZQORDGHGFOHDQHGDQGRUJDQL]HGLVWKHQ
H[SODLQHG)LQDOO\WKHGLPHQVLRQVRIWKHFRUSXVDUHSUHVHQWHG
 5HJLVWHUVHOHFWLRQ
7KH JRDO RI WKLV VWXG\ LV WR GHWHUPLQH LI FRQWLQXRXV JUDPPDWLFDO YDULDWLRQ
H[LVWVLQZULWWHQ6WDQGDUG$PHULFDQ(QJOLVK7KHGHFLVLRQZDVPDGHWRDQD
O\]HZULWWHQ6WDQGDUG(QJOLVKEHFDXVHWKLVLVDYDULHW\RIODQJXDJHWKDWKDVQRW
EHHQWKHVXEMHFWRISUHYLRXVDQDO\VHVRIUHJLRQDOOLQJXLVWLFYDULDWLRQ7KHOHWWHU
WRWKHHGLWRUUHJLVWHUZDVVHOHFWHGLQSDUWLFXODUEHFDXVHLWLVDYDULHW\RIZULWWHQ
0RGHUQ6WDQGDUG(QJOLVKWKDW LVYHU\ZHOOVXLWHGWRWKHDQDO\VLVRIUHJLRQDO
OLQJXLVWLFYDULDWLRQ0RVWLPSRUWDQWOHWWHUVWRWKHHGLWRUDUHDQQRWDWHGIRUWKHLU
DXWKRU¶VFXUUHQWSODFHRIUHVLGHQFHZKLFKDOORZVOHWWHUVWREHVRUWHGHDVLO\E\
JHRJUDSKLFDOORFDWLRQ,QDGGLWLRQOHWWHUVWRWKHHGLWRUDUHSXEOLVKHGIUHTXHQWO\
DQGGLVWULEXWHGIUHHO\RQOLQHLQPDFKLQHUHDGDEOHIRUPZKLFKDOORZVIRUGDWD
WREHFROOHFWHGTXLFNO\DQGFKHDSO\7KHIUHTXHQF\RISXEOLFDWLRQDOVRDOORZV
IRUOHWWHUVWREHJDWKHUHGIURPDUHODWLYHO\VKRUWVSDQRIWLPHZKLFKPLQLPL]HV
WKHOLNHOLKRRGWKDWWHPSRUDOOLQJXLVWLFYDULDWLRQZLOOFRQIRXQGDUHJLRQDOOLQ
JXLVWLFDQDO\VLVRIWKHFRUSXV)LQDOO\OHWWHUVWRWKHHGLWRUDUHZULWWHQE\PDQ\
QRQSURIHVVLRQDO DXWKRUV IURP DFURVV WKH8QLWHG6WDWHVZKLFK DOORZV IRU D
FRUSXV FRQWDLQLQJ WKH ZULWLQJV RI D ODUJH DQG GLYHUVH VDPSOH RI$PHULFDQ
DXWKRUVWREHFRPSLOHG
'HVSLWH WKH FOHDU DGYDQWDJHV RI DQDO\]LQJ OHWWHUV WR WKH HGLWRU WKHUH LV D
SRWHQWLDOSUREOHPZLWKWKLVFKRLFHRIUHJLVWHUVOHWWHUVWRWKHHGLWRUDUHSUHVXP
DEO\VXEMHFWWRHGLWLQJE\DQHGLWRULDOSDJHHGLWRU,QRUGHUWRDGGUHVVWKLVLVVXH
DEULHIDQGLQIRUPDOTXHVWLRQQDLUHZDVVHQWE\HPDLOWRHGLWRULDOSDJHHGLWRUV
IURPPDQ\RIWKHQHZVSDSHUVVDPSOHGLQWKLVVWXG\7KHTXHVWLRQQDLUHDVNHG
ZKHWKHURUQRWOHWWHUVWRWKHHGLWRUZHUHHGLWHG(GLWRUVUHSOLHGWKDWWKH\GRHGLW
OHWWHUVWRWKHHGLWRUEXWPDLQO\IRUFODULW\VSHOOLQJIDFWDQGOHQJWKQRQHRI
ZKLFKWHQGWRKDYHDQ\GLUHFWHIIHFWRQWKHJUDPPDURIDOHWWHUWRWKHHGLWRU
0RVW HGLWRUV DOVR VDLG WKDW WKH\ GR RFFDVLRQDOO\ HGLW OHWWHUV IRU JUDPPDU
DOWKRXJKPLQLPDOO\JHQHUDOO\QRWKLQJLVFKDQJHGWKDWLVZULWWHQLQJUDPPDWL
FDOO\FRUUHFW(QJOLVKRQO\REYLRXVPLVWDNHVDQGXQJUDPPDWLFDOLWLHVDUHFRU
UHFWHGVXFKDVDJUHHPHQWHUURUVDQGUXQRQVHQWHQFHV7KHRQO\H[FHSWLRQLV
FHUWDLQIXQFWLRQZRUGVWKDWFDQEHRSWLRQDOO\RPLWWHGIURPDWH[WZLWKQRORVV
$VWDWLVWLFDODQDO\VLVRIUHJLRQDOYDULDWLRQLQDGYHUESRVLWLRQ 
RILQIRUPDWLRQVXFKDVFRPSOHPHQWL]HUWKDWHJKHWKLQNVWKDWKHLVULJKW,W
DSSHDUVWKDWWKHVHW\SHVRIZRUGVDUHVRPHWLPHVGHOHWHGE\HGLWRUVHVSHFLDOO\
LQORQJHUOHWWHUVVRDVWRUHGXFHZRUGFRXQWV2WKHUZLVHLWDSSHDUVWKDWHGLWLQJ
GRHVQRW JHQHUDOO\ DIIHFW WKHJUDPPDURI OHWWHUV WR WKH HGLWRU LQFOXGLQJ WKH
SRVLWLRQRIDGYHUEVDQGLWZLOOWKHUHIRUHEHDVVXPHGWKDWWKHQHZVSDSHUHGLWLQJ
GLGQRWFRQIRXQGWKHUHVXOWVRIWKLVVWXG\
 &LW\VHOHFWLRQ
&LWLHVZHUHVHOHFWHGIRULQFOXVLRQLQWKHFRUSXVEDVHGSULPDULO\RQWKHDYDLO
DELOLW\RIDIUHHRQOLQHDUFKLYHFRQWDLQLQJDODUJHQXPEHURIOHWWHUVWRWKHHGLWRU
WKDWZHUHUHFHQWO\SXEOLVKHGE\DPDMRUQHZVSDSHULQWKDWFLW\1RVSHFLDOLQ
WHUHVWRUDOWHUQDWLYHQHZVSDSHUVZHUHVDPSOHG,IDVXLWDEOHDUFKLYHFRXOGQRW
EHORFDWHGWKHFLW\ZDVQRWLQFOXGHGLQWKHFRUSXV8VXDOO\LIWKHDUFKLYHGLG
QRWFRQWDLQDWOHDVWZRUGVRIUHFHQWO\SXEOLVKHGOHWWHUVWRWKHHGLWRUWKH
FLW\ZDVQRWLQFOXGHGLQWKHFRUSXV,QDIHZFDVHVKRZHYHUVPDOOHUDUFKLYHV
ZHUHVDPSOHGIRUODUJHRUJHRJUDSKLFDOO\LVRODWHGFLWLHV,QFDVHVZKHUHPRUH
WKDQRQHQHZVSDSHUZLWKVXLWDEOHDUFKLYHVZHUHDYDLODEOHIRUDFLW\WKHQHZV
SDSHUZKLFKKDGWKHODUJHUDUFKLYHWKHPRUHZHOORUJDQL]HGDUFKLYHDQGWKH
KLJKHUFLUFXODWLRQUDWHZDVVDPSOHG,QDIHZFDVHVPXOWLSOHQHZVSDSHUVIURP
DVLQJOHFLW\ZHUHVDPSOHGLQRUGHUWRLQFUHDVHWKHVL]HRIDFLW\VXEFRUSXV
:KHQVXLWDEOHQHZVSDSHUDUFKLYHVZHUHDYDLODEOHFLWLHVZHUHVHOHFWHGEDVHG
RQQXPHURXVRWKHUFULWHULDSRSXORXVFLWLHVFDSLWDOFLWLHV LVRODWHGFLWLHVDQG
KLVWRULFDOO\LPSRUWDQWFLWLHVZHUHSULPDULO\WDUJHWHGIRUUHSUHVHQWDWLRQLQWKH
FRUSXV2YHUDOOWKHEDVLFDSSURDFKWRFLW\VHOHFWLRQZDVWRORFDWHQHZVSDSHU
DUFKLYHVIRUWKHODUJHVWDQGPRVWLPSRUWDQWFLWLHVLQHYHU\VWDWHLQWKHFRQWLJXRXV
8QLWHG6WDWHVDQGWRWKHQVHOHFWVPDOOHUFLWLHVZLWKVXLWDEOHQHZVSDSHUDUFKLYHV
LQRUGHUWR¿OOLQDQ\UHJLRQDOJDSV
7KHJHRJUDSKLFDOGLVWULEXWLRQRIWKHFLWLHVLQFOXGHGLQWKHFRUSXVLVSUH
VHQWHG LQ)LJXUH7KHFLWLHV LQ WKHFRUSXVDUH UHODWLYHO\HYHQO\GLVWULEXWHG
DFURVVWKH8QLWHG6WDWHVWKH1RUWKHDVWDQG0LGZHVWDUHYHU\ZHOOUHSUHVHQWHG
DQGWKH6RXWKHDVW7H[DVDQGWKH:HVW&RDVWDUHZHOOUHSUHVHQWHG:KLOHFLWLHV
IURP DOO VWDWHV DUH LQFOXGHG WKHUH DUH JDSV LQ WKH0RXQWDLQ 6WDWHV DQG WKH
1RUWKHUQ3ODLQV7KHVHJDSV DUHGXHSULPDULO\ WR VSDUVH VHWWOHPHQW LQ WKHVH
UHJLRQV7KHUDPL¿FDWLRQRIKDYLQJWKHVHUHJLRQDOJDSVLVWKDWDQ\GLDOHFWSDW
WHUQVWKDWHQFRPSDVVWKHVHDUHDVPXVWEHLQWHUSUHWHGZLWKFDUHHVSHFLDOO\LQ
WKH VSDUVHO\ SRSXODWHG UHJLRQ HQFRPSDVVLQJ HDVWHUQ0RQWDQD QRUWKHDVWHUQ
:\RPLQJZHVWHUQ6RXWK'DNRWDDQG:HVWHUQ1HEUDVNDZKHUHQRFLWLHVDUH
UHSUHVHQWHG7KHFRUSXVDOVRLQFOXGHVPRVWPDMRUFLWLHVLQWKH8QLWHG6WDWHV
$FFRUGLQJ WR WKH  FHQVXV WKH WRS PHWURSROLWDQ DUHDV LQ WKH8QLWHG
6WDWHV DUH LQFOXGHG LQ WKH FRUSXV DQG WKH WRS PHWURSROLWDQ DUHDV LQ WKH
8QLWHG6WDWHV DUH LQFOXGHG LQ WKH FRUSXV H[FHSW 3URYLGHQFH5KRGH ,VODQG
 -*ULHYH
-DFNVRQYLOOH)ORULGDDQG%LUPLQJKDP$ODEDPD2WKHUPDMRUFLWLHVPLVVLQJ
IURPWKHFRUSXVLQFOXGH1HZ+DYHQ&RQQHFWLFXW:RUFHVWHU0DVVDFKXVHWWV
%DWRQ5RXJH/RXLVLDQD6SULQJ¿HOG0DVVDFKXVHWWV+DUULVEXUJ3HQQV\OYDQLD
-DFNVRQ0LVVLVVLSSL DQG &KDWWDQRRJD 7HQQHVVHH$OO RI WKHVH FLWLHV ZHUH
H[FOXGHG IURP WKHFRUSXVEHFDXVHRI WKHXQDYDLODELOLW\RI IUHHDQG VL]HDEOH
QHZVSDSHUDUFKLYHV
 'DWDFROOHFWLRQ
)RUHDFKFLW\QHZVSDSHUOHWWHUVWRWKHHGLWRUZHUHSULPDULO\REWDLQHGXVLQJWKH
RQOLQHVHUYLFH1HZVEDQNZKLFKSURYLGHVFRPSOHWHDUFKLYHVIRUPDQ\$PHULFDQ
QHZVSDSHUVRUZKHQWKHQHZVSDSHUIRUDSDUWLFXODUFLW\ZDVQRWDYDLODEOHRQ
1HZVEDQN WKH RQOLQH DUFKLYHV SURYLGHG E\ WKH QHZVSDSHU2QFH DQ RQOLQH
DUFKLYHZDVORFDWHGDQGDVHDUFKLQJVWUDWHJ\ZDVGHYLVHGWR¿QGOHWWHUVWRWKH
HGLWRULQWKDWDUFKLYHOHWWHUVWRWKHHGLWRUZHUHWKHQFRSLHGDQGSDVWHGPDQX
DOO\ LQWRD WH[WHGLWRU:KHQHYHUSRVVLEOH OHWWHUV IURPWKH\HDUV±
ZHUHWDUJHWHGIRUGRZQORDG+RZHYHUZKHQQHFHVVDU\OHWWHUVIURP௘±
ZHUH DOVR VDPSOHG LQ RUGHU WR LQFUHDVH WKH VL]H RI WKH VXEFRUSRUD 2QFH
DSSUR[LPDWHO\ ௘± ZRUGV RI WH[WV ZHUH GRZQORDGHG IRU D FLW\
GHSHQGLQJRQWKHVL]HRIWKHDUFKLYHDQGWKHVSHHGDWZKLFKOHWWHUVFRXOGEH
GRZQORDGHGFROOHFWLRQIRUWKDWFLW\ZDVVWRSSHG,QVRPHFDVHVZKHUHOHWWHUV
FRXOGEHGRZQORDGHGYHU\TXLFNO\RUZKHUHPDQ\OHWWHUVDSSHDUHGWREHZULW
WHQE\QRQORFDODXWKRUVDVLVWKHFDVHIRUWKHQDWLRQDOQHZVSDSHUVSXEOLVKHG
LQ1HZ<RUN&LW\DQG:DVKLQJWRQ'&PRUHGDWDZDVGRZQORDGHG'HSHQG
LQJRQWKHDYHUDJHQXPEHURIOHWWHUVWRWKHHGLWRUWKDWDQHZVSDSHUDUFKLYHVSHU
ZHESDJHLHVRPHQHZVSDSHUVDUFKLYHDQHQWLUHGD\VZRUWKRIOHWWHUVRQD
VLQJOHZHESDJHZKHUHDVRWKHUVDUFKLYHHDFKOHWWHURQDVHSDUDWHZHESDJH
WKLVSURFHVVWRRNEHWZHHQWZHQW\PLQXWHVDQGWKUHHKRXUVIRUHDFKFLW\8VLQJ
WKLVDSSURDFKDSSUR[LPDWHO\PLOOLRQZRUGVZHUHFROOHFWHGIURPQHZVSD
SHUVIURPDFURVVWKH8QLWHG6WDWHV
 &RUSXVFOHDQLQJ
(DFKWH[W¿OHZKLFKFRQWDLQHGWKHOHWWHUVGRZQORDGHGIURPDVLQJOHQHZVSDSHU
DUFKLYHZDVVXEMHFWHGWRIRXUURXQGVRIFOHDQLQJ)LUVWWKHWH[WZDVVSOLWLQWR
LQGLYLGXDOOHWWHUVDQGWKHDXWKRU¶VQDPHDQGSODFHRIUHVLGHQFHDQGWKHGDWHRI
SXEOLFDWLRQIRUHDFKOHWWHUZDVUHFRUGHG6HFRQGERLOHUSODWHWH[WZDVUHPRYHG
7KLUGSXQFWXDWLRQDQGVSDFLQJZDVVWDQGDUGL]HG)RXUWKUHSHDWHGOHWWHUVZHUH
GHOHWHG,QDGGLWLRQDIWHUHDFKWH[W¿OHZDVFOHDQHGLWZDVLQVSHFWHGE\KDQG
(DFKWH[W¿OHZDV¿UVWVSOLWLQWRLQGLYLGXDOOHWWHUV,QRUGHUWRIDFLOLWDWHWKLV
SURFHVVVRPHRIWKHKHDGHUQHZVSDSHULQIRUPDWLRQWKDWSUHFHGHGWKHOHWWHURQ
WKHDUFKLYHZHESDJHZDVFRSLHGZKHQ WKH OHWWHUVZHUHGRZQORDGHG7KHVH
$VWDWLVWLFDODQDO\VLVRIUHJLRQDOYDULDWLRQLQDGYHUESRVLWLRQ 
OLQHVDOVRLQFOXGHGWKHGDWHRISXEOLFDWLRQIRUDOORIWKHOHWWHUVSUHVHQWHGRQWKDW
DUFKLYHZHE SDJH WKLV LQIRUPDWLRQZDV UHFRUGHG ,Q WKRVH FDVHVZKHUH WKH
QHZVSDSHU DUFKLYH SURYLGHG HDFK OHWWHU RQ D VHSDUDWHZHE SDJH LQGLYLGXDO
OHWWHUVZHUHLGHQWL¿HGE\VSOLWWLQJRQWKLVKHDGHULQIRUPDWLRQ,QWKRVHFDVHV
ZKHUHWKHQHZVSDSHUDUFKLYHSURYLGHGPXOWLSOHOHWWHUVRQWKHVDPHZHESDJH
WKHWH[W¿OHZDV¿UVWVSOLWEDVHGRQWKLVKHDGHUQHZVSDSHULQIRUPDWLRQDQGWKHQ
VSOLW DJDLQ EDVHG RQ WKH E\OLQHPDUNLQJVZKLFK DW WKLV SRLQWZDV WKHPRVW
FRQVLVWHQWOHWWHUGHOLPLWHU8QIRUWXQDWHO\GLIIHUHQWQHZVSDSHUVLGHQWLI\E\OLQHV
GLIIHUHQWO\ DQG RIWHQ LQFRQVLVWHQWO\8VXDOO\ D E\OLQHZDVPDUNHG E\ D OLQH
LQLWLDOGDVKRUVRPHRWKHUV\PERORUE\WKHODFNRIOLQH¿QDOSXQFWXDWLRQEXW
VRPHWLPHVPRUHVXEWOHSDWWHUQVKDGWREHLGHQWL¿HGRIWHQLQYROYLQJOLQHLQWHU
QDOSXQFWXDWLRQDQGFDSLWDOL]DWLRQ2QFHWKHE\OLQHZDVLGHQWL¿HGWKHDXWKRU¶V
QDPHDQGWKHDXWKRU¶VSODFHRIUHVLGHQFHZHUHUHFRUGHGWKHWH[WZDVVSOLWRQ
WKHE\OLQHDQGWKHE\OLQHZDVGHOHWHG$KHDGHUZDVWKHQDGGHGWRWKHVWDUWRI
HDFKOHWWHUFRQWDLQLQJWKHDXWKRU¶VQDPHWKHDXWKRU¶VSODFHRIUHVLGHQFHDQG
WKHGDWHRISXEOLFDWLRQDVZHOODVWKHQHZVSDSHUDUFKLYHIURPZKLFKLWRULJL
QDWHG,QDGGLWLRQKHDGHULQIRUPDWLRQZDVVWDQGDUGL]HGQDPHVDQGFLWLHVZHUH
FRQYHUWHGWRFDSLWDOOHWWHUVVSDFLQJDQGSXQFWXDWLRQIRULQLWLDOVLQQDPHVZHUH
VWDQGDUGL]HGDQGWKHIRUPDWRIGDWHVZDVVWDQGDUGL]HG,IDQ\RIWKLVLQIRUPD
WLRQZDVPLVVLQJWKHOHWWHUZDVGHOHWHG
1H[WERLOHUSODWHWH[WZDVGHOHWHG&RPPRQVWULQJVRIERLOHUSODWHWH[WWKDW
ZHUHGHOHWHGLQFOXGHGHGLWRUQRWHVLQVWUXFWLRQVIRUOHWWHUZULWHUVFDSWLRQVDE
VWUDFWVDQGDGYHUWLVHPHQWV&HUWDLQFRQYHQWLRQDOL]HGSDUWVRIWKHOHWWHUWRWKH
HGLWRUUHJLVWHU±VSHFL¿FDOO\WKHVDOXWDWLRQDQGWKHFORVLQJ±ZHUHDOVRGHOHWHG
ZKHQSUHVHQWEHFDXVHRQO\VRPHQHZVSDSHUVLQFOXGHWKHVHOLQHV$OORIWKHVH
VWULQJVZHUHUHPRYHGIURPWKHFRUSXVE\LGHQWLI\LQJOLQHVEHJLQQLQJZLWKFHU
WDLQZRUGDQGSXQFWXDWLRQSDWWHUQV,QDGGLWLRQWLWOHVZHUHUHPRYHGIURPWKH
OHWWHUVWRWKHHGLWRUEHFDXVHWKH\DUHQRWDOZD\VSUHVHQWDQGDUHSUHVXPDEO\
ZULWWHQE\WKHQHZVSDSHUDQGQRWWKHDXWKRU7LWOHVZHUHLGHQWL¿HGE\ORRNLQJ
IRUXQSXQFWXDWHGOLQHVRUVKRUWOLQHVHQGLQJZLWKDTXHVWLRQPDUNRUDQH[FOD
PDWLRQPDUNDWWKHYHU\EHJLQQLQJRIDOHWWHU
1XPHURXVIHDWXUHVSULPDULO\UHODWHGWRVSDFLQJDQGSXQFWXDWLRQZHUHDOVR
VWDQGDUGL]HGLQRUGHUWRIDFLOLWDWHGDWDDQDO\VLV2YHUDOOVSDFLQJZDVPLQLPL]HG
([WUDZKLWHVSDFHEHWZHHQZRUGV VHQWHQFHV DQGSDUDJUDSKVZDVGHOHWHG DV
ZHUH DOO WDEV9DULRXV SXQFWXDWLRQPDUNVZHUH DOVR VWDQGDUGL]HG LQFOXGLQJ
DSRVWURSKHVTXRWDWLRQPDUNVGDVKHVDQGHOOLSVHV%XOOHWVZHUHVWDQGDUGL]HG
DQGVHQWHQFH¿QDOSXQFWXDWLRQZDVDGGHGWRWKHHQGRIEXOOHWHGOLQHV,QDGGL
WLRQ VHQWHQFH ¿QDO SXQFWXDWLRQPDUNVZHUHPRYHG RXWVLGH RI DSRVWURSKHV
TXRWDWLRQ PDUNV SDUHQWKHVHV DQG EUDFNHWV DQG SXQFWXDWLRQ PDUNV ZHUH
GHOHWHGIURPWKHHQGRIDEEUHYLDWLRQVLQRUGHUWRIDFLOLWDWHWKHLGHQWL¿FDWLRQRI
VHQWHQFHERXQGDULHV+70/SXQFWXDWLRQFRGHVHJ	DSRV	QGDVK	OGTXR
ZHUHDOVRUHSODFHGZLWKWKHLURUWKRJUDSKLFHTXLYDOHQW
 -*ULHYH
)LQDOO\ UHSHDWHG OHWWHUV ZHUH GHOHWHG 7KHVH OHWWHUV UHVXOWHG IURP HLWKHU
GRZQORDGLQJHUURURUIURPPXOWLSOHSRVWLQJVRIDOHWWHULQDQHZVSDSHUVDUFKLYH
7KHVHOHWWHUVZHUHGHOHWHGDXWRPDWLFDOO\E\FRPSDULQJHYHU\SDLURIOHWWHUVLQ
DVXEFRUSXVLQRUGHUWR¿QGGXSOLFDWHOHWWHUV8OWLPDWHO\WKHHQWLUHFOHDQLQJ
SURFHVVUHVXOWHGLQWKHORVVRIDSSUR[LPDWHO\PLOOLRQZRUGVRIGDWDGURSSLQJ
WKHVL]HRIWKHHQWLUHFRUSXVIURPPLOOLRQZRUGVWRPLOOLRQZRUGV
 &RUSXVRUJDQL]DWLRQ
2QFHHYHU\WH[W¿OHZDVFOHDQHGWKHLQGLYLGXDOOHWWHUVZHUHVRUWHGLQWRVXE
FRUSRUDEDVHGSULPDULO\RQWKHFRUHEDVHGVWDWLVWLFDODUHD&%6$ZKHUHWKHLU
DXWKRUFXUUHQWO\UHVLGHV$&%6$LVDWHUPXVHGE\WKH8QLWHG6WDWHV&HQVXV
%XUHDXWRGHQRWHDUHJLRQFRQVLVWLQJRIDFRXQW\FRQWDLQLQJDFRUHXUEDQDUHD
ZLWKDSRSXODWLRQRIDWOHDVWSHRSOHDQGDQ\DGMDFHQWFRXQWLHVZLWKD
KLJKGHJUHHRIVRFLRHFRQRPLFLQWHJUDWLRQZLWKWKHFRUHXUEDQDUHDDVLQGLFDWHG
E\ WKHQXPEHURI FRPPXWHUV7KHUHDUH WZR W\SHVRI&%6$VPHWURSROLWDQ
DUHDVZKLFKFRQWDLQDFRUHXUEDQDUHDRIDWOHDVWSHRSOHDQGPLFUR
SROLWDQDUHDVZKLFKFRQWDLQDFRUHXUEDQDUHDRIEHWZHHQDQG
SHRSOH%DVLFDOO\D&%6$FRUUHVSRQGVWRDFLW\DQGLWVVXEXUEV/HWWHUVZHUH
VRUWHGSULPDULO\E\&%6$UDWKHUWKDQE\PXQLFLSDOLW\LQRUGHUWRLQFUHDVHWKH
VL]HRIWKHFRUSXVKDGOHWWHUVEHHQVRUWHGE\PXQLFLSDOLW\WKHUHZRXOGKDYH
EHHQPDQ\PRUHOHWWHUVWKDWZRXOGKDYHKDGWRKDYHEHHQGHOHWHGEHFDXVHWKH\
RULJLQDWH IURPPXQLFLSDOLWLHV WKDW KDG FRQWULEXWHG WRR IHZ OHWWHUV WR IRUPD
VHSDUDWHVXEFRUSXV+RZHYHUEHFDXVH OHWWHUVZHUHVRUWHGE\&%6$ OHWWHUV
IURPPDQ\XQGHUUHSUHVHQWHGFLWLHVFRXOGEH LQFOXGHG LQ WKHFRUSXVDV WKH\
ZHUH SDUW RI ODUJHU&%6$V/HWWHUVZHUH DXWRPDWLFDOO\ VRUWHGE\&%6$E\
FURVVUHIHUHQFLQJDOLVWRIDOOWKHFLWLHVDQGFRXQWLHVLQWKH8QLWHG6WDWHVFRP
SLOHGE\WKH8QLWHG6WDWHV3RVWDO6HUYLFHZLWKDOLVWRIDOO&%6$VLQWKH8QLWHG
6WDWHV DQG WKHLU DVVRFLDWHG FRXQWLHV FRPSLOHG E\ WKH8QLWHG6WDWHV&HQVXV
%XUHDX$ VXEFRUSXVZDV WKHQ IRUPHG IRU HDFK &%6$ IRUZKLFK DW OHDVW
ZRUGVKDGEHHQFROOHFWHG
1RWHYHU\VXEFRUSXVLQWKHFRUSXVKRZHYHUUHSUHVHQWVD&%6$WKHUHDUH
WZRH[FHSWLRQV)LUVWZKHQDVXI¿FLHQWQXPEHURIOHWWHUVZHUHDYDLODEOHVXE
FRUSRUDZHUH FUHDWHG FRQWDLQLQJ DOO WKH OHWWHUV IURP WKH VDPHPHWURSROLWDQ
GLYLVLRQ±DWHUPXVHGE\WKH8QLWHG6WDWHV&HQVXV%XUHDXWRGHQRWHRQHRU
PRUHFRQWLJXRXVFRXQWLHVWKDWFRQVWLWXWHDGLVWLQFWHPSOR\PHQWUHJLRQZLWKLQ
DPHWURSROLWDQ&%6$ZLWKDSRSXODWLRQFRUHRIDWOHDVWPLOOLRQSHRSOH)RU
H[DPSOHGHVSLWHWKHIDFWWKDWERWK6DQ)UDQFLVFRDQG2DNODQGDUHSDUWRIWKH
VDPH&%6$GLVWLQFWVXEFRUSRUDZHUHFRPSLOHGIRUHDFKRIWKHVHPHWURSROL
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2QFHWKHYDOXHVRIWKHVHYHQDGYHUESKUDVHSRVLWLRQYDULDEOHVZHUHFRPSXWHG
IRUHDFKRI WKHFLW\ VXEFRUSRUD WKHYDOXHV IRUHDFKYDULDEOHZHUH
DQDO\]HGIRUUHJLRQDOSDWWHUQVXVLQJWZRPHDVXUHVRIVSDWLDODXWRFRUUHODWLRQ
JOREDO0RUDQ¶V,DQGORFDO*HWLV2UG*L6SDWLDODXWRFRUUHODWLRQLVDPHDVXUH
RIWKHGHJUHHWRZKLFKWKHYDOXHVRIDYDULDEOHDUHVLPLODUDWQHDUE\ORFDWLRQV
&OLIIDQG2UG,QRUGHUWRGHWHUPLQHWKHGHJUHHWRZKLFKKLJKDQGORZ
YDOXHV FOXVWHU DFURVV WKH HQWLUH GLVWULEXWLRQ RI HDFK YDULDEOH JOREDO VSDWLDO
DXWRFRUUHODWLRQZDVPHDVXUHGXVLQJJOREDO0RUDQ¶V,0RUDQ,QRUGHU
WRGHWHUPLQHWKHORFDWLRQRIKLJKDQGORZYDOXHFOXVWHUVLQWKHGLVWULEXWLRQRI
 -*ULHYH
HDFKYDULDEOH ORFDO VSDWLDO DXWRFRUUHODWLRQZDVPHDVXUHGXVLQJ ORFDO*HWLV
2UG*L2UGDQG*HWLV
&DOFXODWLQJ ERWK PHDVXUHV RI VSDWLDO DXWRFRUUHODWLRQ LQYROYHV FRPSDULQJ
SDLUVRIYDOXHVLQWKHVSDWLDOGLVWULEXWLRQRIDVLQJOHYDULDEOH7KHVHFRPSDULVRQV
DUHZHLJKWHGEDVHGRQWKHORFDWLRQRIWKHYDOXHVWKDWDUHEHLQJFRPSDUHGVR
WKDWFRPSDULVRQVEHWZHHQORFDWLRQVWKDWDUHFORVHUWRJHWKHUDUHJLYHQJUHDWHU
ZHLJKW WKDQ FRPSDULVRQV EHWZHHQ ORFDWLRQV WKDW DUH IDUWKHU DSDUW 7KLV LV
DFFRPSOLVKHGE\XVLQJDVSDWLDOZHLJKWLQJIXQFWLRQZKLFKLVDVHWRIUXOHVWKDW
DVVLJQVDZHLJKWWRHYHU\SDLURIORFDWLRQVLQWKHVSDWLDOGLVWULEXWLRQRIDYDUL
DEOHEDVHGRQSUR[LPLW\2GODQG9DULRXVVSDWLDOZHLJKWLQJIXQFWLRQV
DUHSRVVLEOH DOWKRXJK WZR IXQFWLRQVDUHPRVW FRPPRQ$ELQDU\ZHLJKWLQJ
IXQFWLRQDVVLJQVDZHLJKWRIWRDOOSDLUVRIORFDWLRQVWKDWDUHZLWKLQDFHUWDLQ
GLVWDQFHDQGDZHLJKWRIWRDOORWKHUSDLUVRIORFDWLRQV2GODQG$UH
FLSURFDOZHLJKWLQJIXQFWLRQDVVLJQVDZHLJKWWRDOOSDLUVRIORFDWLRQVE\WDNLQJ
WKHUHFLSURFDORIWKHGLVWDQFHEHWZHHQWKHORFDWLRQVVRWKDWZHLJKWLQJGHFUHDVHV
ZLWKGLVWDQFH2GODQG,QWKLVVWXG\DELQDU\ZHLJKWLQJIXQFWLRQZLWKD
PLOHFXWRIIZDVXVHG
$ELQDU\ZHLJKWLQJ IXQFWLRQZDV VHOHFWHGEHFDXVH LW LV VLPSOHUDQGPRUH
EDVLF WKDQDUHFLSURFDOZHLJKWLQJIXQFWLRQ7KHUHVXOWVRIFDOFXODWLQJVSDWLDO
DXWRFRUUHODWLRQXVLQJDELQDU\ZHLJKWLQJIXQFWLRQDUHWKXVHDVLHUWRLQWHUSUHW
EHFDXVHWKHDQDO\VLVKDVDFOHDUOHYHORIUHVROXWLRQZKLFKLVHTXLYDOHQWWRWKH
FXWRIIGLVWDQFH1RQHWKHOHVVRWKHUVSDWLDOZHLJKWLQJIXQFWLRQVZHUHWHVWHG$
PLOH FXWRIIZDV VHOHFWHG EHFDXVH WKH FXWRII GLVWDQFH QHHGV WR EH ODUJH
HQRXJKVRWKDWHDFKFLW\FDQEHFRPSDUHGWRQHDUE\FLWLHV6LQFHWKHPRVWVSD
WLDOO\LVRODWHGFLW\LQWKHFRUSXVLV%LOOLQJV0RQWDQDLWZDVQHFHVVDU\WRVHOHFW
DFXWRIIGLVWDQFHWKDWZRXOGDOORZ%LOOLQJVWREHFRPSDUHGWRQHDUE\FLWLHV$
PLOHUDGLXVZDVVHOHFWHGEHFDXVHWKLVDOORZV%LOOLQJVWREHFRPSDUHGWR
RWKHUFLWLHV$PLOHUDGLXVRQWKHRWKHUKDQGZRXOGRQO\DOORZIRUFLWLHV
WREHFRPSDUHGWR%LOOLQJV$PLOHFXWRIIZDVDOVRVHOHFWHGEHFDXVHLWLV
ODUJHHQRXJKWRDOORZIRUFLWLHVLQWKHVDPHWUDGLWLRQDOGLDOHFWUHJLRQ&DUYHU
/DERYHWDODQGFXOWXUDOUHJLRQ=HOLQVN\WREHFRPSDUHG
)RUH[DPSOHWKHGLVWDQFHEHWZHHQ6DYDQQDKDQG%LOR[LRQWKHHGJHVRIWKH
'HHS6RXWKLVDSSUR[LPDWHO\PLOHVWKHGLVWDQFHEHWZHHQ%HOOLQJKDPDQG
0HGIRUGRQWKHHGJHVRIWKH3DFL¿F1RUWKZHVWLVDSSUR[LPDWHO\PLOHV
DQG WKHGLVWDQFHEHWZHHQ%LVPDUFN DQG'XOXWK RQ WKH HGJHVRI WKH8SSHU
0LGZHVWLVDSSUR[LPDWHO\PLOHV
,QRUGHUWRGHWHUPLQHWKHGHJUHHWRZKLFKKLJKDQGORZYDOXHVFOXVWHULQWKH
GLVWULEXWLRQRIHDFKYDULDEOHHDFKYDULDEOHZDVWHVWHGLQGLYLGXDOO\IRUJOREDO
VSDWLDODXWRFRUUHODWLRQ6LJQL¿FDQWJOREDOVSDWLDODXWRFRUUHODWLRQH[LVWVZKHQ
WKHYDOXHVRIDYDULDEOHDUHGLVWULEXWHGLQDVSDWLDOSDWWHUQVXFKDVWKHUHJLRQDO
FOXVWHULQJRIKLJKDQGORZYDOXHV&OLIIDQG2UG2GODQG
0HDVXULQJJOREDOVSDWLDODXWRFRUUHODWLRQLVDZD\WRREMHFWLYHO\GHWHUPLQHLI
$VWDWLVWLFDODQDO\VLVRIUHJLRQDOYDULDWLRQLQDGYHUESRVLWLRQ 
WKHYDOXHVRIDYDULDEOHDUHGLVWULEXWHGLQDUHJLRQDOSDWWHUQ7KHJOREDOVSDWLDO
DXWRFRUUHODWLRQVWDWLVWLFJOREDO0RUDQ¶V,0RUDQZDVXVHGWRWHVWHDFK
RIWKHYDULDEOHVLQGLYLGXDOO\IRUVSDWLDOSDWWHUQVDWWKHJOREDOOHYHO7KHYDOXH
RI0RUDQ¶V,UDQJHVIURPíWRZKHUHDVLJQL¿FDQWQHJDWLYHYDOXHLQGLFDWHV
WKDW QHLJKERULQJ GDWD SRLQWV WHQG WR KDYH GLIIHUHQW YDOXHV DQ LQVLJQL¿FDQW
YDOXHDSSURDFKLQJ]HURLQGLFDWHVWKDWQHLJKERULQJGDWDSRLQWVWHQGWRKDYH
UDQGRPYDOXHVDQGDVLJQL¿FDQWSRVLWLYHYDOXHLQGLFDWHVWKDWQHLJKERULQJGDWD
SRLQWV WHQG WR KDYH VLPLODU YDOXHV ,Q RUGHU WR LQWHUSUHW WKH YDOXH RI JOREDO
0RUDQ¶V,DVWDQGDUGL]HG]VFRUHZDVREWDLQHG7KH]VFRUHZDVLQWHUSUHWHG
DVVLJQL¿FDQWLILWZDVODUJHUWKDQRUHTXDOWREHFDXVHWKLV]VFRUHFRU
UHVSRQGV WR D DOSKD OHYHOZKLFKZDV VHOHFWHGEHFDXVH WKHUH DUH VHYHQ
YDULDEOHVEHLQJDQDO\]HGUHTXLULQJWKDWDVWDQGDUGDOSKDOHYHOEHDGMXVWHG
XVLQJ WKH %RQIHUURQL FRUUHFWLRQ / $ VLJQL¿FDQW SRVLWLYH ]
VFRUH IRUJOREDO0RUDQ¶V , LQGLFDWHV WKDWQHLJKERULQJ ORFDWLRQVKDYHVLPLODU
YDOXHVDWDJUHDWHUGHJUHHWKDQZRXOGEHH[SHFWHGE\FKDQFH
,QDGGLWLRQ WRPHDVXULQJJOREDOVSDWLDODXWRFRUUHODWLRQ ORFDOVSDWLDODXWR
FRUUHODWLRQZDVPHDVXUHG IRU HDFKYDULDEOH LQRUGHU WR LGHQWLI\ VSHFL¿F UH
JLRQDOSDWWHUQV8QOLNHJOREDOVSDWLDODXWRFRUUHODWLRQZKLFKUHWXUQVRQHYDOXH
IRUHDFKYDULDEOHLQGLFDWLQJWKHGHJUHHRIVSDWLDOFOXVWHULQJDFURVVWKHHQWLUH
UHJLRQDOGLVWULEXWLRQRIWKDWYDULDEOHDPHDVXUHRIORFDOVSDWLDODXWRFRUUHODWLRQ
UHWXUQVRQHYDOXHIRUHDFKORFDWLRQIRUHDFKYDULDEOHLQGLFDWLQJWKHGHJUHHWR
ZKLFK WKDWSDUWLFXODU ORFDWLRQ LVDSDUWRIDKLJKRU ORZYDOXHFOXVWHU LQ WKH
GLVWULEXWLRQRIWKDWYDULDEOH7KHVWDWLVWLFORFDO*HWLV2UG*L2UGDQG*HWLV
ZDVXVHGWRPHDVXUHORFDOVSDWLDODXWRFRUUHODWLRQIRUHDFKORFDWLRQIRU
HDFKYDULDEOHE\FRPSDULQJ WKHYDOXHRI WKHYDULDEOH DW WKDW ORFDWLRQ WR WKH
YDOXH RI WKH YDULDEOH DW RWKHU ORFDWLRQV LQ RUGHU WR GHWHUPLQH WKH GHJUHH WR
ZKLFK WKDW ORFDWLRQ LV DPHPEHU RI D FOXVWHU RI KLJK RU ORZ YDOXHV 7KH
]VFRUHZDV LQWHUSUHWHGDVVLJQL¿FDQW LI LWZDV ODUJHU WKDQRUHTXDO WR
EHFDXVHWKLVLVWKHFRUUHVSRQGLQJ]VFRUHYDOXHIRUDDOSKDOHYHOZKLFK
ZDVVHOHFWHGEDVHGRQWKH%RQIHUURQLFRUUHFWLRQGHVFULEHGDERYH$VLJQL¿FDQW
SRVLWLYH]VFRUHLQGLFDWHVWKDWWKDWORFDWLRQLVSDUWRIDKLJKYDOXHFOXVWHUDQGD
VLJQL¿FDQWQHJDWLYH]VFRUHLQGLFDWHVWKDWWKDWORFDWLRQLVSDUWRIDORZYDOXH
FOXVWHU
2QFHFRPSXWHGWKH*HWLV2UG*L]VFRUHVZHUHPDSSHGIRUHDFKORFDWLRQ
IRUHDFKYDULDEOH7KLVSURGXFHVDPDSWKDWGLVSOD\VWKH]VFRUHVIRUHDFKRIWKH
 FLWLHVZKLFK LQGLFDWHVZKHWKHU HDFK FLW\ LV DPHPEHU RI D VWDWLVWLFDOO\
VLJQL¿FDQWKLJKYDOXHFOXVWHUDVWDWLVWLFDOO\VLJQL¿FDQWORZYDOXHFOXVWHURUD
UHJLRQRIYDULDELOLW\/WUDQVLWLRQ0DSSLQJWKH*HWLV2UG*L]YDOXHVWKHUHIRUH
DOORZVIRUWKHORFDWLRQVRIKLJKDQGORZYDOXHFOXVWHUVWREHVWDWLVWLFDOO\LGHQWL
¿HGLQWKHGLVWULEXWLRQRIHDFKYDULDEOH,QHVVHQFHFDOFXODWLQJWKH*HWLV2UG
*L]VFRUHYDOXHVIRUHDFKORFDWLRQLQWKHGLVWULEXWLRQRIDYDULDEOH¿OWHUVWKH
GDWDLGHQWLI\LQJVWDWLVWLFDOO\VLJQL¿FDQWUHJLRQDOSDWWHUQVWKDWZHUHQRWREYLRXV
 -*ULHYH
LQWKHUDZYDOXHV0DSSLQJWKH*HWLV2UG*L]VFRUHYDOXHVWKHUHIRUHSHUPLWV
UHJLRQDOSDWWHUQVWREHHDVLO\LGHQWL¿HG
 5HVXOWV
7KLVVHFWLRQSUHVHQWVWKHUHVXOWVRIWKHVWDWLVWLFDODQDO\VLVRIWKHYDOXHVRIWKH
DGYHUESRVLWLRQYDULDEOHV)RUHDFKYDULDEOHWKHUDZYDOXHVZHUHSORWWHGDFURVV
WKHFLW\VXEFRUSRUD7KHYDULDEOHZDVWKHQVXEMHFWHGWRWKHWZRDXWR
FRUUHODWLRQDQDO\VHV*OREDO0RUDQ¶V,ZDVFDOFXODWHGLQRUGHUWRWHVWLIHDFK
YDULDEOHH[KLELWVDVLJQL¿FDQWGHJUHHRIKLJKDQG/RUORZYDOXHFOXVWHULQJ/RFDO
*HWLV2UG*L]VFRUHVZHUHWKHQFDOFXODWHGDQGPDSSHGIRUHDFKORFDWLRQIRU
HDFKYDULDEOHLQRUGHUWRLGHQWLI\WKHORFDWLRQVRIVWDWLVWLFDOO\VLJQL¿FDQWKLJK
DQGORZYDOXHFOXVWHUV
 6SOLWDGYHUEV
)LJXUHPDSVWKHUDZYDOXHVIRULQ¿QLWLYHVSOLWWLQJ,Q¿QLWLYHVSOLWWLQJGRHVQRW
H[KLELWVLJQL¿FDQWDXWRFRUUHODWLRQDFURVVWKHFLW\VXEFRUSRUDDWWKHJOREDO
OHYHO DV LQGLFDWHG E\ DQ LQVLJQL¿FDQW QHJDWLYH YDOXH IRU JOREDO 0RUDQ¶V ,
)LJXUH ,Q¿QLWLYH6SOLWWLQJ5DZ9DOXHV
$VWDWLVWLFDODQDO\VLVRIUHJLRQDOYDULDWLRQLQDGYHUESRVLWLRQ 
, íS )LJXUHPDSVWKHORFDO*HWLV2UG*L]VFRUHDWHDFK
ORFDWLRQ7KH*HWLV2UG*LDQDO\VLVLGHQWL¿HGYHU\OLPLWHGFOXVWHULQJLQWKH
GLVWULEXWLRQRILQ¿QLWLYHVSOLWWLQJ
)LJXUHPDSVWKHUDZYDOXHVIRUQRQPRGDODX[LOLDU\VSOLWWLQJ$X[LOLDU\
VSOLWWLQJGRHVQRWH[KLELWVLJQL¿FDQWDXWRFRUUHODWLRQDFURVVWKHFLW\VXE
FRUSRUDDWWKHJOREDOOHYHODVLQGLFDWHGE\DQLQVLJQL¿FDQWSRVLWLYHYDOXHIRU
JOREDO0RUDQ¶V,, S )LJXUHPDSVWKHORFDO*HWLV2UG*L
]VFRUHDWHDFKORFDWLRQ7KH*HWLV2UG*LDQDO\VLVLGHQWL¿HGOLPLWHGFOXVWHU
LQJLQWKHGLVWULEXWLRQRIDX[LOLDU\VSOLWWLQJ/RZYDOXHVZHUHIRXQGWRFOXVWHU
LQWKHZHVWHUQ0LGZHVWLQGLFDWLQJWKDWDX[LOLDU\VSOLWWLQJLVUHODWLYHO\LQIUH
TXHQWLQWKLVUHJLRQ+RZHYHUWKLVFOXVWHULVUHODWLYHO\VPDOODQGWKHUHVWRIWKH
8QLWHG6WDWHVLVFKDUDFWHUL]HGE\YDULDEOHDX[LOLDU\VSOLWWLQJ
)LJXUH  PDSV WKH UDZ YDOXHV IRUPRGDO VSOLWWLQJ0RGDO VSOLWWLQJ GRHV
H[KLELWVLJQL¿FDQWDXWRFRUUHODWLRQDFURVVWKHFLW\VXEFRUSRUDDWWKHJOREDO
OHYHODVLQGLFDWHGE\DVLJQL¿FDQWSRVLWLYHYDOXHIRUJOREDO0RUDQ¶V,, 
S )LJXUHPDSVWKHORFDO*HWLV2UG*L]VFRUHDWHDFKORFDWLRQ7KH
*HWLV2UG*LDQDO\VLVLGHQWL¿HGFRQVLGHUDEOHFOXVWHULQJLQWKHGLVWULEXWLRQRI
PRGDOVSOLWWLQJ/RZYDOXHVZHUHIRXQGWRFOXVWHULQWKHZHVWHUQ0LGZHVWDQG
WKH&HQWUDO 6WDWHV LQGLFDWLQJ WKDWPRGDO VSOLWWLQJ LV UHODWLYHO\ LQIUHTXHQW LQ
WKHVHUHJLRQV+LJKYDOXHVZHUHIRXQGWRFOXVWHULQWKH1RUWKHDVWHVSHFLDOO\
WKH0LG$WODQWLFLQGLFDWLQJWKDWPRGDOVSOLWWLQJLVUHODWLYHO\IUHTXHQWLQWKLV
UHJLRQ
)LJXUH ,Q¿QLWLYH6SOLWWLQJ*HWLV2UG*L]VFRUHV
 -*ULHYH
)LJXUH 1RQ0RGDO$X[LOLDU\6SOLWWLQJ5DZ9DOXHV
)LJXUH 1RQ0RGDO$X[LOLDU\6SOLWWLQJ*HWLV2UG*L]VFRUHV
$VWDWLVWLFDODQDO\VLVRIUHJLRQDOYDULDWLRQLQDGYHUESRVLWLRQ 
)LJXUH 0RGDO6SOLWWLQJ5DZ9DOXHV
)LJXUH 0RGDO6SOLWWLQJ*HWLV2UG*L]VFRUHV
 -*ULHYH
 6HQWHQFHLQLWLDODGYHUEV
)LJXUHPDSVWKHUDZYDOXHVIRUVHQWHQFHLQLWLDOWHPSRUDODGYHUEV7HPSRUDO
DGYHUESRVLWLRQGRHVQRWH[KLELWVLJQL¿FDQWDXWRFRUUHODWLRQDFURVVWKHFLW\
VXEFRUSRUDDWWKHJOREDOOHYHODVLQGLFDWHGE\DQLQVLJQL¿FDQWSRVLWLYHYDOXH
IRUJOREDO0RUDQ¶V,, S )LJXUHPDSVWKHORFDO*HWLV2UG
*L]VFRUHDWHDFKORFDWLRQ+RZHYHUUHÀHFWLQJWKHQHDUO\VLJQL¿FDQWOHYHORI
JOREDOVSDWLDODXWRFRUUHODWLRQWKH*HWLV2UG*LDQDO\VLVGLGLGHQWLI\FOXVWHU
LQJLQWKHGLVWULEXWLRQRIWHPSRUDODGYHUESRVLWLRQ/RZYDOXHVZHUHIRXQGWR
FOXVWHULQWKH1RUWKHDVWHDVWHUQ2KLR:HVW9LUJLQLD9LUJLQLDDQGWKH&DUROL
QDVLQGLFDWLQJWKDWVHQWHQFHLQWHUQDOWHPSRUDODGYHUEVDUHUHODWLYHO\IUHTXHQW
LQWKHVHUHJLRQV+LJKYDOXHVZHUHIRXQGWRFOXVWHUWRDOLPLWHGH[WHQWLQWKH
6RXWK&HQWUDO6WDWHVDQGWKH1RUWKZHVWLQGLFDWLQJWKDWVHQWHQFHLQLWLDOWHPSR
UDODGYHUEVDUHUHODWLYHO\IUHTXHQWLQWKHVHUHJLRQV
)LJXUHPDSVWKHUDZYDOXHVIRUVHQWHQFHLQLWLDOKRZHYHU+RZHYHUSRVL
WLRQGRHVH[KLELWVLJQL¿FDQWDXWRFRUUHODWLRQDFURVVWKHFLW\VXEFRUSRUDDW
WKHJOREDOOHYHODVLQGLFDWHGE\DVLJQL¿FDQWSRVLWLYHYDOXHIRUJOREDO0RUDQ¶V
,, S )LJXUHPDSVWKHORFDO*HWLV2UG*L]VFRUHDWHDFK
ORFDWLRQ7KH*HWLV2UG*LDQDO\VLVLGHQWL¿HGFRQVLGHUDEOHFOXVWHULQJLQWKH
GLVWULEXWLRQ RI KRZHYHU SRVLWLRQ /RZ YDOXHV ZHUH IRXQG WR FOXVWHU LQ WKH
1RUWKHDVWDQGWRDOHVVHUH[WHQWDFURVVWKH0LGZHVWLQGLFDWLQJWKDWVHQWHQFH
LQWHUQDO KRZHYHU LV UHODWLYHO\ IUHTXHQW LQ WKHVH UHJLRQV +LJK YDOXHV ZHUH
)LJXUH 7HPSRUDO$GYHUE3RVLWLRQ5DZ9DOXHV
$VWDWLVWLFDODQDO\VLVRIUHJLRQDOYDULDWLRQLQDGYHUESRVLWLRQ 
)LJXUH 7HPSRUDO$GYHUE3RVLWLRQ*HWLV2UG*L]VFRUHV
)LJXUH +RZHYHU3RVLWLRQ5DZ9DOXHV
 -*ULHYH
IRXQGWRFOXVWHULQWKH6RXWK&HQWUDO6WDWHVDQGWRDOHVVHUH[WHQWDFURVVWKH
6RXWKHDVW LQGLFDWLQJ WKDW VHQWHQFH LQLWLDO KRZHYHU LV UHODWLYHO\ IUHTXHQW LQ
WKHVHUHJLRQV
)LJXUHPDSVWKHUDZYDOXHVIRUVHQWHQFHLQLWLDODOVR$OVRSRVLWLRQGRHV
H[KLELWVLJQL¿FDQWDXWRFRUUHODWLRQDFURVVWKHFLW\VXEFRUSRUDDWWKHJOREDO
OHYHODVLQGLFDWHGE\DVLJQL¿FDQWSRVLWLYHYDOXHIRUJOREDO0RUDQ¶V,, 
S )LJXUHPDSVWKHORFDO*HWLV2UG*L]VFRUHDWHDFKORFDWLRQ
7KH*HWLV2UG*LDQDO\VLVLGHQWL¿HGFRQVLGHUDEOHFOXVWHULQJLQWKHGLVWULEX
WLRQRIDOVRSRVLWLRQ/RZYDOXHVZHUHIRXQGWRFOXVWHULQWKH1RUWKHDVWDQGWR
DOHVVHUH[WHQWDFURVVWKHQRUWKHUQ0LGZHVWLQGLFDWLQJWKDWVHQWHQFHLQWHUQDO
DOVRLVUHODWLYHO\IUHTXHQWLQWKHVHUHJLRQV+LJKYDOXHVZHUHIRXQGWRFOXVWHU
LQWKH6RXWKHDVWDQGWKH6RXWK&HQWUDO6WDWHVLQGLFDWLQJWKDWVHQWHQFHLQLWLDO
DOVRLVUHODWLYHO\IUHTXHQWLQWKHVHUHJLRQV
)LJXUHPDSVWKHUDZYDOXHVIRUVHQWHQFHLQLWLDOLQVWHDG,QVWHDGSRVLWLRQ
GRHV QRW H[KLELW VLJQL¿FDQW DXWRFRUUHODWLRQ DFURVV WKH  FLW\ VXEFRUSRUD
DW WKHJOREDO OHYHODV LQGLFDWHGE\DQ LQVLJQL¿FDQWSRVLWLYHYDOXHIRUJOREDO
0RUDQ¶V , ,  S  )LJXUH  PDSV WKH ORFDO *HWLV2UG *L
]VFRUH DW HDFK ORFDWLRQ+RZHYHU UHÀHFWLQJ WKH QHDUO\ VLJQL¿FDQW OHYHO RI
JOREDOVSDWLDODXWRFRUUHODWLRQWKH*HWLV2UG*LDQDO\VLVGLGLGHQWLI\FOXVWHU
LQJLQWKHGLVWULEXWLRQRILQVWHDGSRVLWLRQ/RZYDOXHVZHUHIRXQGWRFOXVWHULQ
WKH6RXWK&HQWUDO6WDWHVWKH&HQWUDO6WDWHVDQGLQWKHVRXWKZHVWHUQ0LGZHVW
LQGLFDWLQJWKDWVHQWHQFHLQWHUQDOLQVWHDGLVUHODWLYHO\IUHTXHQWLQWKHVHUHJLRQV
)LJXUH +RZHYHU3RVLWLRQ*HWLV2UG*L]VFRUHV
$VWDWLVWLFDODQDO\VLVRIUHJLRQDOYDULDWLRQLQDGYHUESRVLWLRQ 
)LJXUH $OVR3RVLWLRQ5DZ9DOXHV
)LJXUH $OVR3RVLWLRQ*HWLV2UG*L]VFRUHV
 -*ULHYH
)LJXUH ,QVWHDG3RVLWLRQ5DZ9DOXHV
)LJXUH ,QVWHDG3RVLWLRQ*HWLV2UG*L]VFRUHV
$VWDWLVWLFDODQDO\VLVRIUHJLRQDOYDULDWLRQLQDGYHUESRVLWLRQ 
+LJKYDOXHVZHUHIRXQGWRFOXVWHULQWKH1RUWKHDVWDQG9LUJLQLDLQGLFDWLQJWKDW
VHQWHQFHLQLWLDOLQVWHDGLVUHODWLYHO\IUHTXHQWLQWKHVHUHJLRQV
 'LVFXVVLRQ
%DVHG RQ WKH DQDO\VLV RI JOREDO VSDWLDO DXWRFRUUHODWLRQ WKUHH RI WKH VHYHQ
DGYHUESRVLWLRQYDULDEOHVZHUHLGHQWL¿HGDVH[KLELWLQJVWDWLVWLFDOO\VLJQL¿FDQW
UHJLRQDOSDWWHUQVPRGDOVSOLWWLQJKRZHYHUSRVLWLRQDQGDOVRSRVLWLRQ,QDGGL
WLRQWZRRWKHUDGYHUESRVLWLRQYDULDEOHVZHUHIRXQGWRH[KLELWQHDUO\VWDWLVWL
FDOO\VLJQL¿FDQWUHJLRQDOSDWWHUQVWHPSRUDODGYHUESRVLWLRQDQGLQVWHDGSRVL
WLRQ7KHVHUHVXOWVGHPRQVWUDWHWKDWDGYHUESRVLWLRQLVUHJLRQDOO\SDWWHUQHGLQ
ZULWWHQ6WDQGDUG$PHULFDQ(QJOLVKDQGE\H[WHQVLRQWKDWFRQWLQXRXVUHJLRQDO
JUDPPDWLFDOYDULDWLRQH[LVWVLQ$PHULFDQ(QJOLVKDQGWKDWUHJLRQDOOLQJXLVWLF
YDULDWLRQH[LVWVLQZULWWHQ6WDQGDUG$PHULFDQ(QJOLVK
,QDGGLWLRQDOO¿YHVLJQL¿FDQWRUQHDUO\VLJQL¿FDQWPHDVXUHVRIDGYHUESRVL
WLRQZHUHIRXQGWRH[KLELWVLPLODUUHJLRQDOSDWWHUQVWKURXJKDQDQDO\VLVRIORFDO
VSDWLDODXWRFRUUHODWLRQ7RJHQHUDOL]HWKHVHYDULDEOHVZHUHSDWWHUQHGLQPDQQHU
WKDWFRQWUDVWVWKHODQJXDJHRIWKH1RUWKHDVWDVZHOODVWKH0LGZHVWWRDOHVVHU
GHJUHHZLWK ODQJXDJHRI WKH UHVW RI WKH8QLWHG6WDWHV HVSHFLDOO\ WKH6RXWK
&HQWUDO6WDWHV DVZHOO DV WKH6RXWKHDVW DQG WR D OHVVHU GHJUHH WKH&HQWUDO
6WDWHV7KLVSDWWHUQLVPRVWFOHDUO\H[SUHVVHGLQWKHUHJLRQDOGLVWULEXWLRQVIRU
KRZHYHUSRVLWLRQDQGDOVRSRVLWLRQ6HQWHQFHLQLWLDOKRZHYHUDQGDOVRDUHUHOD
WLYHO\IUHTXHQWLQWKH6RXWKHDVWDQG6RXWK&HQWUDO6WDWHVDQGVHQWHQFHLQWHUQDO
KRZHYHUDQGDOVRDUH UHODWLYHO\ IUHTXHQW LQ WKH1RUWKHDVW DQG WKH0LGZHVW
$OWKRXJK LWGRHVQRWH[KLELWD VWDWLVWLFDOO\VLJQL¿FDQW OHYHORIJOREDO VSDWLDO
DXWRFRUUHODWLRQWHPSRUDODGYHUESRVLWLRQDOVRH[KLELWVDVLPLODUSDWWHUQ6HQ
WHQFH LQLWLDO WHPSRUDO DGYHUEV DUH UHODWLYHO\ IUHTXHQW LQ WKH 6RXWK &HQWUDO
6WDWHVDVZHOODVWKH1RUWKZHVWDQGVHQWHQFHLQWHUQDOWHPSRUDODGYHUEVDUH
UHODWLYHO\IUHTXHQWLQWKH1RUWKHDVW6LPLODUO\DOWKRXJKLWGRHVQRWH[KLELWD
VWDWLVWLFDOO\VLJQL¿FDQWOHYHORIJOREDOVSDWLDODXWRFRUUHODWLRQLQVWHDGSRVLWLRQ
IROORZVDVLPLODUSDWWHUQDVZHOO6HQWHQFHLQLWLDOLQVWHDGLVUHODWLYHO\IUHTXHQW
LQWKH1RUWKHDVWDQGVHQWHQFHLQWHUQDOLQVWHDGLVUHODWLYHO\IUHTXHQWLQWKH&HQ
WUDO6WDWHVDOWKRXJKWKH6RXWKHDVW LV LGHQWL¿HGDVDUHJLRQRIYDULDELOLW\)L
QDOO\WKHUHJLRQDOSDWWHUQLVDOVRVLPLODUIRUVSOLWPRGDOV±WKHWKLUGYDULDEOH
H[KLELWLQJDVWDWLVWLFDOO\VLJQL¿FDQWOHYHORIJOREDOVSDWLDODXWRFRUUHODWLRQ6SOLW
PRGDOVDUHUHODWLYHO\IUHTXHQWLQWKH1RUWKHDVWDQGUHODWLYHO\LQIUHTXHQWLQWKH
&HQWUDO6WDWHVLQFOXGLQJWKH6RXWK&HQWUDO6WDWHVKRZHYHUVLPLODUWRLQVWHDG
SRVLWLRQWKH6RXWKHDVWLVLGHQWL¿HGDVDUHJLRQRIYDULDELOLW\
:KDWLVPRVWVWULNLQJDERXWWKHVHUHVXOWVLVWKHFRQVLVWHQWLGHQWL¿FDWLRQRI
D1RUWKHDVWGLDOHFWUHJLRQZKLFKDOZD\VLQFOXGHV1HZ(QJODQG1HZ<RUN
3HQQV\OYDQLD1HZ-HUVH\'HODZDUH0DU\ODQGDQG:DVKLQJWRQDQGZKLFK
 -*ULHYH
RIWHQH[WHQGVLQWR9LUJLQLD2KLR0LFKLJDQDQGVRPHWLPHVLQWR:HVW9LUJLQLD
DQG1RUWK&DUROLQDDQGDFURVVWKH0LGZHVW7KLVFRQVLVWHQWLGHQWL¿FDWLRQRID
1RUWKHDVWGLDOHFWUHJLRQRIIHUVVWURQJVXSSRUWIRUWKHFODLPWKDWPHDVXUHVRI
DGYHUESRVLWLRQDUHUHJLRQDOO\SDWWHUQHGLQ$PHULFDQ(QJOLVK7KHUHJLRQWKDW
FRQWUDVWVZLWKWKH1RUWKHDVWLVQRWLGHQWL¿HGDVFRQVLVWHQWO\VKLIWLQJSULPDULO\
EHWZHHQWKH6RXWKHDVWDQGWKH&HQWUDO6WDWHVDOWKRXJKWKLVUHJLRQGRHVVHHP
WREHIRFXVHGRQWKH6RXWK&HQWUDO6WDWHV/RXLVLDQD0LVVLVVLSSL$ODEDPD
$UNDQVDV 2NODKRPD DQG HDVWHUQ 7H[DV ,W VKRXOG DOVR EH QRWHG WKDW ERWK
JOREDODQGORFDOVSDWLDODXWRFRUUHODWLRQZHUHFDOFXODWHGEDVHGRQRWKHUFXWRII
GLVWDQFHVDVZHOODVDUHFLSURFDOZHLJKWLQJIXQFWLRQ7KHVHDOWHUQDWLYHDQDO\VHV
SURGXFHGYHU\VLPLODUUHVXOWVWRWKH¿QGLQJVUHSRUWHGKHUHRIIHULQJDGGLWLRQDO
HYLGHQFHRIWKHUREXVWQHVVRIWKHVHSDWWHUQV)XWXUHUHVHDUFKKRZHYHUVKRXOG
LQYHVWLJDWHWKHFRQVHTXHQFHVRIXVLQJGLIIHUHQWVSDWLDOZHLJKWLQJIXQFWLRQVIRU
UHJLRQDOGLDOHFWVWXGLHVLQDPRUHV\VWHPDWLFPDQQHU
2YHUDOOWKHUHJLRQDOSDWWHUQVXQFRYHUHGE\WKLVVWXG\DUHVLPLODUWRWKH¿QG
LQJVRISUHYLRXV$PHULFDQGLDOHFWVXUYH\VZKLFKLGHQWL¿HGFOHDUOH[LFDODQG
SKRQRORJLFDO GLIIHUHQFHV EHWZHHQ WKH ODQJXDJH RI WKH1RUWK DQG WKH 6RXWK
LQ WKH HDVWHUQ 8QLWHG 6WDWHV HJ .XUDWK $WZRRG  .XUDWK DQG
0F'DYLG &DUYHU /DERY HW DO 7KH UHVXOWV RI WKLV VWXG\
KRZHYHUGRQRWGLUHFWO\VXSSRUWWKHWULSDUWLWHGLYLVLRQRQWKH$PHULFDQ(DVW
&RDVWHQGRUVHGE\WKHPDMRULW\RI WKHVHVXUYH\VHJ.XUDWK$WZRRG
.XUDWKDQG0F'DYLG/DERYHWDOZKLFKLGHQWLI\D0LGODQG
GLDOHFWUHJLRQEHWZHHQWKH1RUWKHDVWDQG6RXWKHDVWGLDOHFWUHJLRQV7KHUHVXOWV
RIWKLVVWXG\DUHPRUHVLPLODUWRWKH¿QGLQJVRI&DUYHUZKRLGHQWL¿HG
RQO\ WZR PDMRU GLDOHFW UHJLRQV LQ WKH HDVWHUQ 8QLWHG 6WDWHV +RZHYHU WKH
QRUWKHDVWUHJLRQLGHQWL¿HGE\WKLVVWXG\LVHYHQODUJHUDVLWVWUHWFKHVLQWR9LU
JLQLDDQG1RUWK&DUROLQD±VWDWHVZKRVHHDVWHUQKDOYHVDUHDOZD\VFODVVL¿HGDV
EHLQJSDUWRIWKHVRXWKHDVWGLDOHFWUHJLRQ)XUWKHUPRUHWKHIRFDOSRLQWRIWKH
VRXWKHUQUHJLRQLGHQWL¿HGE\WKLVVWXG\VHHPVWREHWKH6RXWK&HQWUDO6WDWHV
QRWWKH6RXWKHDVWHUQ6WDWHVZKLFKDUHWUDGLWLRQDOO\DVVRFLDWHGZLWK6RXWKHUQ
(QJOLVK'HVSLWHWKHVHGLIIHUHQFHVWKHUHVXOWVRIWKLVVWXG\DUHVWLOOODUJHO\LQ
OLQH ZLWK WKH ¿QGLQJV RI SUHYLRXV$PHULFDQ GLDOHFW VXUYH\V ZKLFK DOZD\V
LGHQWLI\OLQJXLVWLFGLIIHUHQFHEHWZHHQWKH1RUWKDQGWKH6RXWKLQWKHHDVWHUQ
8QLWHG6WDWHV
%HFDXVHRIWKHVLPLODULWLHVEHWZHHQWKHUHVXOWVRIWKLVVWXG\DQGWKHUHVXOWV
RI SUHYLRXV$PHULFDQ GLDOHFW VXUYH\V LW ZRXOG DSSHDU WKDW WKH VDPH EDVLF
H[SODQDWLRQLQYRNHGE\GLDOHFWRORJLVWVWRH[SODLQUHJLRQDOOLQJXLVWLFYDULDWLRQ
LQ$PHULFDQ(QJOLVKEDVHGRQKLVWRULFDOVHWWOHPHQWSDWWHUQVFDQDOVRH[SODLQ
WKHEDVLFUHJLRQDOOLQJXLVWLFSDWWHUQVREVHUYHGKHUH7KLVH[SODQDWLRQKRZHYHU
FDQQRWH[SODLQZK\WKH1RUWKHDVWUHJLRQKDVEHHQIRXQGWRH[WHQGLQWR9LUJLQLD
DQG1RUWK&DUROLQDDVQRUWKHUQHUVGLGQRWRULJLQDOO\VHWWOHWKLVUHJLRQ5DWKHU
WKLVVRXWKHUQH[SDQVLRQRIWKH1RUWKHDVWGLDOHFWUHJLRQVHHPVWREHDUHVXOWRI
$VWDWLVWLFDODQDO\VLVRIUHJLRQDOYDULDWLRQLQDGYHUESRVLWLRQ 
PRGHUQPLJUDWLRQSDWWHUQVVSHFL¿FDOO\WKHUHFHQWLQÀX[RIQRUWKHUQHUVHVSH
FLDOO\ IURP1HZ<RUN DQG 3HQQV\OYDQLD LQWR9LUJLQLD DQG 1RUWK &DUROLQD
3HUU\86&HQVXV%XUHDX7KLVPLJUDWLRQIURPWKH1RUWKHDVW
GLDOHFW UHJLRQKDV XQGRXEWHGO\ DIIHFWHG WKH ODQJXDJHRI9LUJLQLD DQG1RUWK
&DUROLQDDQGLVWKXVPRVWOLNHO\UHVSRQVLEOHIRUWKHVRXWKZDUGH[SDQVLRQRI
WKH1RUWKHDVW GLDOHFW UHJLRQREVHUYHGKHUH ,W LV DOVR LPSRUWDQW WR QRWH WKDW
WUDGLWLRQDOPHWKRGVRIGDWDFROOHFWLRQZKLFKIRFXVRQWKHODQJXDJHRIORQJ
WHUPUHVLGHQWVFDQQRWLGHQWLI\UHFHQWFKDQJHVLQWKHORFDWLRQRIGLDOHFWUHJLRQV
7KLVLVQRWQHFHVVDULO\DSUREOHPDVORQJDVLWLVDFNQRZOHGJHGWKDWWKHWUDGL
WLRQDOPHWKRGRIGDWDFROOHFWLRQRQO\DOORZVIRUWKHLGHQWL¿FDWLRQRIKLVWRULFDO
GLDOHFWUHJLRQVEXWLWLVDOVRLPSRUWDQWWRDFNQRZOHGJHWKDWKLVWRULFDOVHWWOHPHQW
SDWWHUQV DUHQRW WKHRQO\GHWHUPLQDQWRI UHJLRQDO OLQJXLVWLFYDULDWLRQ DV WKH
UHVXOWVRIWKLVVWXG\GHPRQVWUDWH
$VLGHIURPWKHSXUHO\UHJLRQDOOLQJXLVWLFSDWWHUQVLGHQWL¿HGE\WKLVVWXG\DQ
LPSRUWDQW UHJLRQDO IXQFWLRQDO OLQJXLVWLF SDWWHUQ KDV DOVR EHHQ LGHQWL¿HG LW
DSSHDUVWKDWWKHODQJXDJHRIWKHQRUWKHDVWHUQ8QLWHG6WDWHVLVPRUHIRUPDOWKDQ
WKHODQJXDJHRIWKHVRXWKHDVWHUQDQGFHQWUDO8QLWHG6WDWHVLQWHUPVRIDGYHUE
SRVLWLRQ7KLVIRUPDOLW\SDWWHUQLVSDUWLFXODUO\HYLGHQWLQWKHFDVHRIWKHWZR
PRVW VLJQL¿FDQW VHQWHQFH LQLWLDODGYHUEYDULDEOHV3ODFLQJKRZHYHUDQGDOVR
VHQWHQFHLQWHUQDOO\UDWKHUWKDQVHQWHQFHLQLWLDOO\LVDFKDUDFWHULVWLFRIIRUPDO
(QJOLVK7KLVLVDOVRSUREDEO\WUXHRISODFLQJWHPSRUDODGYHUEVVHQWHQFHLQWHU
QDOO\:KLOHIROORZLQJWKHRSSRVLWHSDWWHUQVWUXFWXUDOO\WKHUHJLRQDOGLVWULEX
WLRQRILQVWHDGSRVLWLRQDOWKRXJKQRWVWDWLVWLFDOO\VLJQL¿FDQWDOVRIROORZVWKH
VDPHIXQFWLRQDOSDWWHUQSODFLQJLQVWHDGVHQWHQFHLQLWLDOO\DVRSSRVHGWRVHQ
WHQFHLQWHUQDOO\DSSHDUVWREHWKHPRUHIRUPDOFKRLFH6LPLODUO\PRGDOVSOLW
WLQJZKLFK GLG H[KLELW VLJQL¿FDQW UHJLRQDO SDWWHUQLQJ VHHPV WR IROORZ WKLV
VDPHEDVLFIRUPDOLW\SDWWHUQIRUZKLOHDGYHUEVSOLWWLQJLVRIWHQLGHQWL¿HGDV
DQXQJUDPPDWLFDOFRQVWUXFWLRQLQWUDGLWLRQDOSUHVFULSWLYHJUDPPDULWLVYHU\
FRPPRQLQPRGHUQ(QJOLVKDQGLVDFWXDOO\DVVRFLDWHGZLWKDGHQVHLQIRUPD
WLRQDOVW\OHDVRSSRVHGWRDPRUHFRQYHUVDWLRQDODQGWKXVLQIRUPDOVW\OH%LEHU
 ,W LV XQFOHDU KRZHYHU ZK\ WKH RWKHU WZR DGYHUE VSOLWWLQJ YDULDEOHV
DQDO\]HGLQWKLVVWXG\ZKLFKGRQRWH[KLELWVLJQL¿FDQWUHJLRQDOSDWWHUQVGRQRW
IROORZDVLPLODUSDWWHUQ7KLVUHJLRQDOIRUPDOLW\SDWWHUQDOVRVHHPVWRPDNH
LQWXLWLYH VHQVH DV WKH ODQJXDJH RI WKH1RUWKHDVW LV JHQHUDOO\ VHHQ DV EHLQJ
PRUHSURSHUWKDQWKHODQJXDJHRIWKHUHVWRIWKH8QLWHG6WDWHVHVSHFLDOO\WKH
6RXWK
)LQDOO\WKHSRVLWLYHUHVXOWVRIWKLVVWXG\VXSSRUWWKHFODLPWKDWFRUSXVEDVHG
GLDOHFWRORJ\LVDYLDEOHDSSURDFKWRWKHDQDO\VLVRIUHJLRQDOOLQJXLVWLFYDULDWLRQ
)XUWKHUPRUHLWLVFOHDUWKDWDFRUSXVEDVHGDSSURDFKDOORZVIRUFHUWDLQLVVXHV
WREHDGGUHVVHGWKDWFRXOGQRWEHHDVLO\DGGUHVVHGXVLQJWUDGLWLRQDOPHWKRGVRI
GDWDFROOHFWLRQ,QSDUWLFXODUWKHFRUSXVEDVHGDSSURDFKKDVDOORZHGIRUFRQ
WLQXRXVJUDPPDWLFDOYDULDWLRQWREHDQDO\]HGZKLFKLVGLI¿FXOWWRDFFRPSOLVK
 -*ULHYH
ZKHQGDWDLVFROOHFWHGWKURXJKWKHOLQJXLVWLFLQWHUYLHZ,QDGGLWLRQWKHFRUSXV
EDVHGDSSURDFKKDVDOORZHGIRUUHJLRQDOOLQJXLVWLFYDULDWLRQDWWKHVXEQDWLRQDO
OHYHOWREHREVHUYHGLQDYDULHW\RIWKH(QJOLVKODQJXDJHZKHUHUHJLRQDOYDULD
WLRQKDVQRWEHHQREVHUYHGLQWKHSDVWZULWWHQ6WDQGDUG(QJOLVK7KH¿QGLQJ
WKDWUHJLRQDOYDULDWLRQH[LVWVLQZULWWHQ6WDQGDUG(QJOLVKLVSDUWLFXODUO\LPSRU
WDQW EHFDXVH LW KDVEHHQ DVVXPHG WKDW UHJLRQDOYDULDWLRQ DQG VRFLROLQJXLVWLF
YDULDWLRQ LQ JHQHUDO FDQQRW H[LVW LQ VXFK IRUPDO UHJLVWHUV 6FKQHLGHU 
HVSHFLDOO\ ZULWWHQ ODQJXDJH 0RUH JHQHUDOO\ WKHVH ¿QGLQJV LPSO\ WKDW WKH
H[WHQWRIUHJLRQDOOLQJXLVWLFYDULDWLRQLVPXFKJUHDWHUWKDQKDVEHHQSUHYLRXVO\
DVVXPHG ,QGHHG EHFDXVHZHNQRZ WKDW UHJLRQDO OLQJXLVWLF YDULDWLRQ H[LVWV
EDVHG RQ D ORQJ KLVWRU\ RI UHJLRQDO GLDOHFW VWXGLHV LW VHHPV WKDW WKH PRVW
LPSRUWDQWWDVNLQPRGHUQGLDOHFWRORJ\LVWRLGHQWLI\WKHOLPLWVRIUHJLRQDOOLQ
JXLVWLFYDULDWLRQ±WRGHWHUPLQHMXVWKRZSHUYDVLYHUHJLRQDOOLQJXLVWLFYDULD
WLRQ LV LQ QDWXUDO ODQJXDJH$V WKLV VWXG\ KDV GHPRQVWUDWHG D FRUSXVEDVHG
DSSURDFKWRGDWDFROOHFWLRQFRXSOHGZLWKDVWDWLVWLFDODSSURDFKWRGDWDDQDO
\VLVFRQVWLWXWHVDQDSSURSULDWHPHWKRGIRU WHVWLQJWKH OLPLWVRIUHJLRQDO OLQ
JXLVWLFYDULDWLRQ
$FNQRZOHGJHPHQWV
,ZRXOGOLNHWRWKDQN'RXJ%LEHU%LOO&UDZIRUG(QLNR&VRPD\'LUN*HHU
DHUWV5D\+XDQJ5DQGL5HSSHQ7RP5XHWWH%HQHGLNW6]PUHFVDQ\L'LUN
6SHHOPDQ-RHUL7KHHOHQ(PLO\:DLEHODQGDQDQRQ\PRXVUHYLHZHUIRUWKHLU
FRPPHQWVRQWKLVSDSHUDQGWKHLUFRPPHQWVRQWKHDSSURDFKWRWKHDQDO\VLVRI
UHJLRQDOOLQJXLVWLFYDULDWLRQSUHVHQWHGLQWKLVSDSHU
%LRQRWHV
-DFN*ULHYHLVDOHFWXUHULQIRUHQVLFOLQJXLVWLFVDWWKH&HQWUHIRU)RUHQVLF/LQ
JXLVWLFV LQ6FKRRORI/DQJXDJHVDQG6RFLDO6FLHQFHVDW$VWRQ8QLYHUVLW\ LQ
%LUPLQJKDP8.+LV UHVHDUFK IRFXVHV RQ WKH TXDQWLWDWLYH DQDO\VLV RI ODQ
JXDJHYDULDWLRQDQGFKDQJH(PDLO-DFN*ULHYH#DUWVNXOHXYHQEH
1RWHV
  7KHXVHRIWKHOLQJXLVWLFLQWHUYLHZVLVHVSHFLDOO\FRPPRQLQ$PHULFDQGLDOHFWRORJ\ZKHUH
DOOPDMRUVWXGLHVKDYHEHHQEDVHGRQGDWDJDWKHUHGE\LQWHUYLHZLQJLQIRUPDQWVZKHWKHULQ
SHUVRQE\SKRQHRUE\PDLO+HPSO.XUDWKHWDO'DYLV.XUDWK
$WZRRG0DUFNZDUGW.XUDWKDQG0F'DYLG$WZRRG$OOHQ
$VWDWLVWLFDODQDO\VLVRIUHJLRQDOYDULDWLRQLQDGYHUESRVLWLRQ 
0F'DYLGDQG2¶&DLQ&DVVLG\3HGHUVRQ&DUYHU.UHW]VFKPDUHWDO
/DERYHWDO
  2IWHQGLDOHFWRORJLVWVUHIHUWRFROOHFWLRQVRIWUDQVFULEHGDQG/RUUHFRUGHGOLQJXLVWLFLQWHUYLHZV
DV³FRUSRUD´EXWWKHVHGDWDVHWVGRQRWFRQVWLWXWHWUXHFRUSRUDEHFDXVHWKHVHGDWDVHWVGRQRW
UHSUHVHQWDQDFWXDOYDULHW\RIQDWXUDO ODQJXDJH7KHVHGDWDVHWVDUHDOVRVXEMHFW WRWKH2E
VHUYHU¶V3DUDGR[/DERYDVWKHLQIRUPDQWVZHUHDZDUHWKDWWKHLUODQJXDJHZDVEHLQJ
UHFRUGHGIRUDGLDOHFWVXUYH\7KLVLVQRWWKHFDVHLQWUXHFRUSXVEDVHGOLQJXLVWLFV
  7KHFRUSXVZDVFOHDQHGDQGRUJDQL]HGXVLQJFRPSXWHUSURJUDPVZULWWHQE\WKHDXWKRUXVLQJ
WKH SURJUDPPLQJ ODQJXDJH 3HUO )HDWXUH FRXQWLQJ DQG WKH VWDWLVWLFDO DQDO\VHV GHVFULEHG
EHORZZHUHDOVRFRQGXFWHGXVLQJSURJUDPVZULWWHQE\WKHDXWKRU
  7KHFRPPRQDGYHUEVWKDWZHUHFRQVLGHUHGDUHDOLNHWRJHWKHUDVLGHVRRQHUVHOGRPUHJDUG
OHVVLUUHVSHFWLYHDOWRJHWKHUWKHUHRIDODVRQO\UHDOO\HUHDZKLOHGRZQULJKWVRPHZKHUH
HOVHHWFWKHUHE\DOEHLWQDU\DQ\PRUHHOVHZKHUHDIWHUZDUGVIXUWKHUPRUHPRUHRYHUDIWHU
ZDUGVRPHKRZTXLWHEHIRUHKDQGWRPRUURZWRGD\\HVWHUGD\QRZKHUHEORRG\TXLWHHDU
OLHUHYHU\ZKHUHQRZDOPRVWWKHQQH[WHYHUDJRSHUKDSVIRUHYHUVREHVLGHVPHDQZKLOH
VRPHWLPHVRPHWLPHVRIWHQLQVWHDGDQ\WLPHDQ\ZKHUHDQ\KRZDQ\ZD\DQ\ZD\VLQGHHG
DOUHDG\RQFHWZLFHUDWKHURWKHUZLVH\HWVRPHGD\PD\EHDOVRDVZHOODVVXFKWRRYHU\
HYHQQRZODWHUVRRQQHYHUMXVWDOZD\VWKHQKHUHWKHUHIRUHWKXVKRZHYHUUHJDUGOHVV
QRQHWKHOHVVDJDLQDQGVRPHGD\%LEHUHWDO
  7KHFRPPRQLQ¿QLWLYHYHUEVWKDWZHUHFRQVLGHUHGDUHEHKDYHGRVD\JHWPDNHJRNQRZ
WDNHVHHFRPHWKLQNORRNZDQWJLYHXVH¿QGWHOODVNZRUNVHHPIHHOWU\OHDYHFDOO
VHUYH UHGXFH DGGUHVV WKDQN FKHFN VKDUH ¿JKW LGHQWLI\ KHDU H[SUHVV VKRZ FRQGHPQ
UHWXUQPHQWLRQ NHHS VSHQGZDWFK LQIRUPGHDO UHFRJQL]H VHW EULQJ YRWH DSSUHFLDWH
SDVVVXSSRUWDGGFRPSOHWHDJUHHH[SDQGVSHDNHQWHUVDYHGLHWDON¿[VXJJHVWGULYH
DEXVHEX\WKURZSURYLGHVWDQGFDUHLJQRUHHQGRUVHDIIHFWLQYHVWLJDWHHQJDJHLQFUHDVH
XQGHUVWDQGWXUQLPSDFWH[DPLQHUXQFRPPXQLFDWHPRYHDWWHPSWHQGUHDFKPRQLWRU
LPSOHPHQWIRUFHEHFRPHIROORZOHDGUHVSRQGHQFRXUDJHSURWHFWHOLPLQDWHZRUNVHOO
SURPRWHGHYHORSVWDUWDVVHVVH[HFXWHOLPLWHGXFDWHSUHSDUHFURVVOHWUHSRUWUHPLQG
GHPRQVWUDWH VWRS FRYHU GLVDJUHH KDQGOH PHHW GHIHQG KROG DOORZ HQIRUFH VHSDUDWH
EHJLQ LPSURYH SXW GLVFXVV DWWDFN GLVUHJDUG UHPRYH NLOO GLVSOD\ FRQVLGHU SXUVXH
UHTXHVW VLWZULWH GHFLGH RSSRVH KRQRU FULWLFL]H DFNQRZOHGJH EHOLHYH DFFHSW GHEDWH
FKDQJHZDONPDQDJHUHDOL]HLQÀXHQFHVWHSSRLQWSXOOSD\DVNUHFHLYHIXQGFXWUHDG
DSSO\PDLQWDLQHYDOXDWHUHYLHZSDUWLFLSDWHHQMR\UHSUHVHQWUDLVHFRQWLQXHFDUU\OHDUQ
OLVWHQOLYHGLVSRVHIRUJHWKHOSDQGGHVWUR\%LEHUHWDO
  7KH FRPPRQ LUUHJXODU YHUEV ZHUH FRQVLGHUHG DUH DULVHQ DURVH DWH DZRNH EDGH EHDW
EHDWHQEHFDPHEHFRPHEHJDQEHJXQEHQWEHWELGELGHELWELWWHQEOHGEORZQERUH
ERUQHERXJKWERXQGEUHGEURNHEURNHQEURXJKWEXLOWEXUQWEXUVWFDPHFDVWFDXJKW
FKRVHFKRVHQFOXQJFRPHFRVWFUHSWFXWGHDOWGUDQNGUDZQGUHDPWGUHZGULYHQGURYH
GUXQN GXJ GZHOW HDWHQ IDOOHQ IHG IHOO IHOW ÀHG ÀHZ ÀRZQ ÀXQJ IRUEDGH IRUELGGHQ
IRUHEDGHIRUHELGGHQIRUHFDVWIRUHVDZIRUHVHHQIRUHWROGIRUJDYHIRUJLYHQIRUJRWIRUJRW
WHQIRXJKWIRXQGIUR]HIUR]HQJDYHJLYHQJRQHJRWJRWWHQJUHZJURZQKHDUGKHOGKLG
KLGGHQKLWKXQJKXUW NHSW NQHDOW NQHZNQLW NQRZQ ODLG ODLQ OD\ OHDQW OHDQW OHDSW
OHDUQW OHG OHIW OHW OLW ORVWPDGHPHDQWPHWPLVOHGPLVWDNHQPLVWRRNPLVXQGHUVWRRG
RYHUFDPHRYHUFRPHRYHUGLGRYHUGRQHRYHUUDQRYHUULGGHQRYHUURGHRYHUUXQRYHUVDZ
RYHUVHHQRYHUWDNHQRYHUWKUHZRYHUWKURZQRYHUWRRNSDLGSDUWDNHQSDUWRRNSURYHQSXW
TXLWUDQUDQJUHDGULGULGGHQULVHQURGHURVHUXQUXQJVDLGVDQJVDQNVDWVDZVDZQ
VHHQVHQWVHWVKDNHQVKHGVKRGVKRRNVKRWVKRZQVKUDQNVKUXQNVKXWVOHSWVOLGVOLW
VOXQJVOXQNVPHOWVROGVRXJKWVRZQVSDQVSDWVSHGVSHOWVSHQWVSLOWVSLWVSOLWVSRLOW
VSRNH VSRNHQ VSUDQJ VSUHDG VSUXQJ VSXQ VWLQN VWROH VWROHQ VWRRG VWULGGHQ VWULYHQ
VWURGHVWURYHVWUXFNVWUXQJVWXFNVWXQNVXQJVXQNVZDPVZHSWVZRUHVZRUQVZXP
 -*ULHYH
VZXQJWDNHQWDXJKWWKRXJKWWKUHZWKURZQWKUXVWWROGWRRNWRUHWRUQWURGXQGHUJRQH
XQGHUVWRRGXQGHUWDNHQXQGHUWRRNXQGHUZHQWXQGLGXQGRQHXSKHOGXSVHWZDUQZHG
ZHQW ZHSW ZLWKGUDZQ ZLWKGUHZ ZLWKKHOG ZLWKVWRRG ZRNH ZRNHQ ZRQ ZRXQG ZRYH
ZRYHQZULWWHQZURWHDQGZUXQJ%LEHUHWDO
  7KHWHPSRUDODGYHUEVWKDWZHUHDQDO\]HGDUHFXUUHQWO\RIWHQODWHO\DIWHUZDUGVDJDLQHDU
OLHUHYHQWXDOO\ODWHULQLWLDOO\LQVWDQWO\PRPHQWDULO\QRZQRZDGD\VSUHVHQWO\SUHYLRXVO\
UHFHQWO\VKRUWO\VLPXOWDQHRXVO\DQGVRRQ%LEHUHWDO
  $OWKRXJKFRQWLQXRXVPHDVXUHVRIVSDWLDODXWRFRUUHODWLRQKDYHQRWEHHQXVHG LQ$PHULFDQ
GLDOHFWVWXGLHV/HHDQG.UHW]VFKPDUXVHGWKHMRLQWFRXQWVWDWLVWLFZKLFKLVDPHDVXUH
RIVSDWLDODXWRFRUUHODWLRQIRUFDWHJRULFDOGDWDWRDQDO\]HWKH/$06$6GDWD
  ,QRUGHUWRLPSOHPHQWDVSDWLDOZHLJKWLQJIXQFWLRQWKHGLVWDQFHEHWZHHQHYHU\SDLURIFLWLHV
LQWKHFRUSXVZDVGHWHUPLQHGXVLQJWKHORQJLWXGHVDQGODWLWXGHVIRUWKHFLWLHVSURYLGHGE\WKH
86&HQVXV%XUHDXDQGWKHJUHDWFLUFOHGLVWDQFHIRUPXOD6LQQRWW
 7KHIRUPXODIRUFDOFXODWLQJJOREDO0RUDQ¶V,LVSURYLGHGLQ(TXDWLRQ
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(TXDWLRQ2UGDQG*HWLV
 G
w x x w
S
N w w
N
i
ij j ijjj
ij ijjj
*
=
−
− ( )
−
∑∑
∑∑
2
2
1
 S
x
N
xjj= −
∑


  :KHUH1LVWKHWRWDOQXPEHURIORFDWLRQV[LLVYDOXHRIWKHYDULDEOHDWORFDWLRQL[MLVYDOXHRI
WKHYDULDEOHDWORFDWLRQM[Ø LVWKHPHDQIRUWKHYDULDEOHDFURVVDOO ORFDWLRQVDQGZLM LVWKH
YDOXHRIWKHVSDWLDOZHLJKWLQJIXQFWLRQIRUWKHFRPSDULVRQRIORFDWLRQ[LDQG[MZLM LIGLM
PLOHVZLM LIGLM!PLOHVRUL M
 7KH *HWLV2UG*L PDSV DVVRFLDWH HDFK ORFDWLRQ ZLWK RQH RI VHYHQ OHYHOV RI ]VFRUHV
]VFRUHV ODUJHU WKDQ RU HTXDO WR  FRUUHVSRQGLQJ WR WKH DGMXVWHG  DOSKD OHYHO
]VFRUHVODUJHUWKDQRUHTXDOWRFRUUHVSRQGLQJWRWKHVWDQGDUGDOSKDOHYHO]VFRUHV
ODUJHUWKDQRUHTXDOWRFRUUHVSRQGLQJWRDDOSKDOHYHO]VFRUHVODUJHUWKDQRUHTXDO
WRDQG]VFRUHVODUJHURUVPDOOHUWKDQ,QWKHVHPDSVKLJKSRVLWLYH]VFRUHVLHOLJKW
VKDGHVLQGLFDWHWKDWWKHSULPDU\YDULDQWRIWKHYDULDEOHRFFXUVUHODWLYHO\IUHTXHQWO\LQWKDW
DUHD LH DGYHUE VSOLWWLQJRU VHQWHQFH LQLWLDO DGYHUEVRFFXU UHODWLYHO\ IUHTXHQWO\ DOWHUQD
WLYHO\KLJKQHJDWLYH]VFRUHVLHGDUNVKDGHVLQGLFDWHWKDWWKHSULPDU\YDULDQWRIWKHYDUL
DEOHRFFXUVUHODWLYHO\LQIUHTXHQWO\LQWKDWDUHDLHQRQDGYHUEVSOLWWLQJRUVHQWHQFHLQWHUQDO
DGYHUEVRFFXUUHODWLYHO\IUHTXHQWO\%\LGHQWLI\LQJFOXVWHUVRIORFDWLRQVZLWKKLJKO\SRVLWLYH
RUQHJDWLYH*HWLV2UG*L]VFRUHVHVSHFLDOO\]VFRUHVODUJHUWKDQRUHTXDOWRDQGWR
DOHVVHUH[WHQWODUJHUWKDQRUHTXDOWRUHJLRQDOSDWWHUQVFDQEHLGHQWL¿HGLQWKHGLVWUL
EXWLRQRIHDFKYDULDEOH
 ,QWKHUDZYDOXHPDSVWKHFXWRIIVIRUWKHGLIIHUHQWOHYHOVRIWKHYDULDEOHZHUHVHOHFWHGEDVHG
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